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I’RI'FACl' 


Vtif )‘n^^ f(‘u ycaiN so muc)} fruitful |•os(’llr('ll work luw 
Ikh‘ 11 ;#nrrio(l <iut in ni(‘(a!lograjihs, crvMlaliojjiraijhv, olootro- 
rlienn^ry, colNiid . undjcrtt-olioinistry that w<' arc enabled 

to a])()ro<'^'li tl*' snlgcct of in an alto^^'tlier new spirit. It is 

ift)W' ])ossihl(‘ 4 o sn^'^cst reasons foi- ]»lM‘nomena. wliieh at one timp 
ap|H‘ai^'(l ine,\ph?MljN‘, an«l tr) (h-leet reiriilanlies wIhtc once the 
fa(*ts sronied chaotic Advanta^a- should surely be taki’H of the 
new as]ie<( of the .subjr'ct inVIfHV textbooks 'I'he traditional 
practice of j^iviiii: lonti ” <^daio^ucs‘of s.dts " and enipiiii'al acoounts 
of nietallui’cica! proe<‘s>se>. is no (hhibl of use for liooKs of reference. 
Hut in books inteiidi'd for (‘ontinuoiis reading;, such a method is 
far 400 uninspirinj;. and should be abandoncil n(»w that knowledge 
has Hilvanced snPinently tfi otTcr soniething#hctter, 

* In this book, an allcnipt is made to cor^elalci cause and effect, 

to ^ntroiluci' such tlieoreiual \i(‘ws as w'ill serve to connect 
the known facts in an ordircd and ck'gani scipicnci'. 'J'lie book 
is intended for llie ad\anc<‘<l student f»l in<>rganie am) nu'lallur* 
gieal elieniisti v, and ii»rlhtisc engaged in rcsiaircli in Ou'se siihj<*ets. 
The nidustria! i-bemist will, 1 l)ope,#also lind it <*f assistaiur, wbilst 
certain ^wutions (<> g. those dealing witli workdiaiihaiing, r<(f*rystal- 
lization, tlie effect of iinpuiitics on niclalV, and (•o!T<»sion) #liould 
j>rove useful to the iuiginccr. ^ 

* The difficulties which T have e\pciieicaMl in W7iting the hook 
have served t(> com nice rne that tli<* work is really necih'd. Much 
information wliieh I regard as being of llie greatest imjiorfanee f 
lyive found scattered through the recent volumes of the scientitie 
and •technical journals iy many casi's in jounials whi<-h are not 
commonly eonsidcreil as being devoted to elu'inistry at all, and 
which ap|x*ar sometintes to have Chcajaa! the notice of tlie writers 

%of standard ehemityd textlKibks. 

Of the four volumes, ^he first is of a geuyrtilized ehara< ter, It 
hlGf^ns with an ^nf^oduetio^^ in which 1 have endeavoured to con¬ 
dense the eleitentary principles of general chenuKtry, physics and 
geology, a knowledge of whi<'h fbe reAdw is assumed in>the l^idy 
wocl^> TItp ^Midj’ of Volume I is di\ided^nto tw® 

in * * 
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PREFACE • 


‘ 4 )arts, “The Study of the Metallic State” (Metallogra^y) aq^ 
“The Study of the Ionic State,” (Elcctrocl^smistry). Thejnetal- 
lographio portion includes the effects of deformation, annealing 
and jilfo^ing on the properties of metals; the electrochsmicafportion 
includes such subjects as the structure of precipifates, the colloidal 
state, electro-deposition and corrosion ; it closes with a chapter 
on radioactivity, Ry the ticatment of Che metallo^aphy and 
ilcctrocheinistry of midals in a genjral fashion, with examples 
(hosen from individual metals, t.'iese two subjects are presenter 
in a mon^ satisfactory manner than if they were intro(L;:«ir‘piece- 
meal in the sections devoted to the diff(Tent metals. In a(ldition, 
a great deal of wearisome repctjtjon is avoided in the subsequent 
volumes. ' c 

The chapters dealing with electrochemistrv have presented 
sjK'cial difficidties. 1 do not believe it possible to obtain aqrroper 
understanding of the (hemistry of metals without some knowledge 
of eleetroehemi.stry and colloid eheniistry. In order to throw 
o])en thes(^ subjects to all, 1 have made the treatment, as far as 
possible, noil-mathematical. A great obstacle to the attractive 
presentation of electrocheniical ]iriiiciples is the. barbarous char¬ 
acter of the nomenclature in use ; 1 have not felt justified in irvtro- 
diieing a new nomenclature, but have tried to make the best of 
the existing terms, selecting a terminology which will lie definite, 
even if it is not digniiied. 

In Volumes 11, 111 and IV, I deal one by one with the individual 
metals. The ordi'r observed is based ujion the. Periodic Table in 
a form similar to that made popular by Sir .fames Walker. The 
old form of the Periodic 'I'abjo which classes sodium along with 
copper|hns now—it is to be lio]ied—few' active supporters, although 
it .stilj ornaments the walls of our lecture theatres, and appears to 
find favour with the authors of chemical trei^tises based upon the 
classical model. In the new table, which accords well with the 
cheniical and electrochemical jirojK-rties of the elements and is 
in hartnony with modern ideas of the structure of the atom, the 
elements can b,e divided into three main classes, and I have allocated 
a different volume to each class. Volume II deals with the njetals 
of the “ A Groups,” Volume III with the “ Transition Elements ” 
(“ Group VllI ” of the old table), whilst Volume IV deals with the 
metals of the “ B Groups.” • 

The space devoted to each metal is divided into three main 
sections. The first deals with the imjtal and its compounds frgjn 
the point of view of the academical laboratory. The pure chem¬ 
istry of t^ie metal and its compounds is here discussed ; no reference 
to ores,^tcchnicivl pocessbs' and^indjistrial pppljcation is made in 
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tiiu section, which is therefore fairly concise. The section end* 
with sksummary of th* methods ofsinalysis of the metal in qflestion, 

^*lthoqgh the book is mot intended as a practical analytical hand¬ 
book. * ^ * • * , 

The second section deals shortly with the terrestrial occurrence 
of the met^ in question, starting with its origin in the rock-magma, 
and discus.sing the probable mode of formation of the important 
ores and minerals, both prftnary and seesndary. 

Tim third section- -which is (ften the longest—is of a tcohirical 
charaCTtii ' We start with the ore or mineral, and follow the metal 
through the processes of eoncentration and smelting, and finally 
eoiusidcr tile iiraetieal uses of th»element, and of compounds con¬ 
taining if; 1 have tried to slu^w why the! iirojeertica of the! individual 
fhotal—as stijted the theoretical section—render it suitable for 
the vtft-ious uses (o which it is put, and to make the technical .section 
ah!orreet survey of industry earned on at the present time; I 
have only referred to obsolete methods of jiroecdurc in a few ])lacOH 
when' such a reference is thought to he instructive. 

Stress lias been laid on the important point,s, which have been 
illustrati'd by a few ehosen examples in order to avoid burdening 
tin* reader with a mass of names and numbers, which he will not 
retain, and which can be looked up when r^'quircsl in a table of 

* physical con.stants or in a detailed book of reference. Proper names 
hjve largely been concentrated in the foot-notes, and thus kept out 
of the te.xt; I have written a book about chemtstry- not about 
chemi.sts. Likewisi' the figures arc frfnkly diagrammatic, drawn 
to emphasize the, salient points; in the diagrams of technical 
plants much that is of merely stfuctural im]iortance is omitted. 

I have only enqiloycd the historical order of description ^here it 
happens also to be the logical order. * , 

Throughout the book numerous references are. given, itt foot- 

* notes, to seientific and technical literature; the.se shi-uhnie con¬ 
sulted by the reader who wishes Wi study any giicn part of the 
subject in greater detail. In selecting these nderences, I hftve not i 
given preference to the work of the actual originators of tiie various 
thedries or processes, but^ave sought rather to provide the render 
with the mo.st recent information regarding the matter under 
discussion. The recebt papers themselves will include references 

* to the earlier ones^ w’hilst rtie converse is clearly not true. 

In subjects regarding which disagreemegts prevails at present, 
iAave in most cases dcpaii,ed from the usual custom of giving in 
turn a summary of the views advanced by the various disputants, 
as this practice js apt to leave'the ffeader hopelessly bewildered. 
Ra^r, ^(kivt'fndeavouiipd to, suggest a standpoint yhich the 



vi 


• PREFACE* 


•verago reader may safely adopt as a working hypothesis, until 
furthei* research finally decides, the question under dispute. If, 
however, the subject happens to bo one of special interest^o 
reader, he idiunld consult the references ii^ the foot-mttes, and form 
his own o[)inions. In these footsnotes, he will find ndercnces to 
many authorities whose views arc not held by the present writer. 

As already stated, great efforts have betm made to render the 
book as “ up-to-date ” «is ])Ossible, bBt 1 lmv(^ not concealed the 
fact that uncertainty still prevail! on many parts of the sujijecff'* 
and that research is continually being conducted to these 

doubtful points. 1 havi! (•ndeavoured to prejiare the re<der to 
revise his own opinions without^undue reluctance ev(uy time be 
may o)ien a seientilie journal. ^ * • 

1 wish to return thanks to the numerous frieyds \^io have verj^ 
kindly given information or advice. Espeeiaily ^^ould 1 iiMition 
Mr. 0. 'I'. Ileycoek, Dr E. K. Kidi'al, IVof. li. ('. II. I'arpenttT, 
and Mr. Maurice t'ook Mr. Cook has |irepared the micro-photo¬ 
graphs accompanying V'olumos I, 111 and IV of the book, and has 
shown much skill and patience in olitaimng results which illus¬ 
trate clearly the points described in the le.xl 

U. It. K. 

C.tMBMDOE, Ifi’J:!., 
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NOTR ON MlCRO-rfiOTOGRAPHS IN PLATE 


{Prepared specially hy Mr. Maurice Co<ik, ^f.Sc.) 

Fig. 

A* a-Brass: 70% copper, 30% /.me. ChtU CoaI. Etchod witli ferric 
chloride and hydrocliloric acid. Magiiiftcation, x fio. 

B. a-Brass: 70% copper, 30®^ scipc. CoUi worhd ai\d anncaM. Etchod 

with ferric chloride and hydrochloric acid. Magnification, X 40. 

C. a/3-Brass : 00% copper, 40% ^inc. Ekdiod with ferric chloride and 

hydrochlorH^ucid. Magnification, X 00. 

D. Aluminium Bronze: 80% copper. 11*',', aluminium. Axiiralcd ut 

52r»^ C. for half an hour. Etched with feme chloride ami hydro¬ 
chloric acid. Magnification, n 440. * 

E. Aluminium Bronze:t80"o copper, 11”^ aluminiimi. ]VaU}-<ineiichcd 

from 700" C. lOtchod with ferric chloride and hydrochloric acid. 
Magnificatioiu s O'h 

F. Bearing Metal: 87°^ tin,^ 9''o antimony, 4% c^>per. Cfull Cast. 

‘ Etched with alcoholic nitric acid. Magnificat!^, x Go. 









Copper. 
^flver . 
Gold . 


GROUP 

Anomie , 
Weigh*. 

• 

63-57 

107-88 

197-2 



Potential (Hydrogen 
Scale). 

+ 0-3469 volts 
+ 0-7987 „ 

+ 0'985 (approx.) 


■Ill passing from the transitidli elements to Orouj) Ib, we return 
to metals whieli ap^lear to be monovalent, at least in one class of 
salt*. In the older ftjrm of the Periodic Table, copper, silver and 
gold were classed along with the alkali-im^tals, although it is impos¬ 
sible to say that the three metals resemble the alkali-metals in any 
respect other Ilian in valency. In this book a form of the Periodic 
Table, is cmjiloyi-d, which shows the “ 13 ” groujis distinct from the 
“ A ” groups ; the employment of this newer form of the table 
renders it unneee.ssary to waste space in attempting to discover 
.fiuularitiea and analogies between copper anti potassium, which 
do not, in truth, e.\i.st. 

Two iifetals of the group, eo[)per and gold, have a second series 
of .salts in which a valency higher than re'e is i-xerted, and in these 
cases of variable valem y we find coloured compounds. It is 
interesting to note that the metals themselves are coloured; that 
is, the surface reflection of those rays to which our eyes are sensitive 
is of a selective character. In most of tlje metals iuthc^^b con¬ 
sidered, the lu.stre ha.s been a “ white ” one. In silver, the ifloncy 
is almost invariably nionovalent, and the metal is white.* lElost 
of the salts of silver also are almost colourless; , such sclxtive 
absorption as oci urs is in the ultra-violet region of the Sipejtrum 
to which our eyes are not .sensitive. 

Th» metab themscU'cs are malleable and ductile substances, 
which are exceptionally goial conductors of heat and-electricity. 
They stand rather towards the “ noble ” end of the Potential 
Series, and are easy to deposit <juantilatively from aqueous solution 
by electrolysis. /In vhe p);hcr hand, copper and silver show far less 
t^H^ency towards passivity os.valve-action than the metals hitherto 
considered, an4 c?n usually'be dissolved quantitatively from an 
anode. As in the transition elamentj, the “ noble ” character 
of the elements the group increases aa»the atomic weiglit rbes. 

IV. * * • * • *• 
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METALS AND METAlBiC COMPOUNDS 


(.'OJ'I’JOR 

Atiiiiiic wciglit . . 03'57* 


* 

The Metal 

oiippcr ia a rcdilisli metal wliicli can be pehshed to 
(li^play a lirilliiiiit. lustre. Tli* red cdlour appears more intense if 
light is relhs'ted at a c(i])piT siirtae^' .several times l>efoit! reaching 
the eye. 'i'he cdiiiir is due In the fact tliat the r^'drii^'s are reflected 
at the surface mere eemph'tely than the green and blue, iftid it is 
net sur|)rising to lind that the light which passes Ihwiiijh a fhin 
(a)|)per leaf eentains a ))rependerance of th<^ shorter rays. Thus, 
although red by reflected light, cojiper appears bluish-green by 
transmitted light 

Pure (sipper is a very soft metal, but the hardness is considerably 
itu'i'eased by cold-working, and still more by the |ire.sence of *ither 
metals in soliil sojution matters ahich will bo considered in 
further detail in thi^ technical .section. 'I'he .s]ieeific gravity is 
S-ll and the melting-point l.llMli’C. • 

Copper is e.vtremely uiallcable and can be rolled out into sheets, 
r)r beaten into foil or thnfleaf: it is also ductile, anil can be drawn 
into wire It is an eveeplionally good eondni-tor of heat and of 
electricity, but here again iniyurilies have a considerable elleet, 
which,will be consiilcred in the technical section. 

Coy(H‘r crystalh/es in'the cubic sy.stem. W’ell-formed octahedral 
cry^ls of copper are found in nature, and ate sometimes produced 
iU'cidei1.billy in the working of a Daniell cell. Crystalline growlhit 
of copper, shot! mg la-tahedi'W faces, are al.so produned sometimes 
in tin* electrolj'sis of a copper sulphate solution at the corner of a 
cathode, whei;e the condition.s are such as to allow lui individual 
crystal to develop freely. ‘ In ordinivry^'liTtrolytie copper, hoifcvcr, 
the I'rystals grow ing out from the cathode siirfime grow into contact 
lateially with one another, and the structure is columnar.* If, 
owing to high current density comltinoil with absence of stirring, 
. ^ • * ’ 

* Cninpure I.. .tUdicks, Ekrlrru'hem. fmt 3 (ItHl.>). *267. ** 

• O. Puust. Zal.K-li. Anmj. Chrin. 78 (1912). 201, \V. Wnm, H, D. Holler 
uiul H. S.' KawJou, Tmn.i. .tear. Kkctntrhpm. Sor. 30 (19lti). l.tO. M. von 
SelovnriSi /lit. ZtilM'b, Afii. 7 (iUl.t), 124. .\. .Sleverts end \V. \Vip[sUnmnn, 
Zcilvh. Annrg. Chrm. 91 (I'tla), 1; 93 afll.V). 287. 
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tfce concentration at different jwrtions of tlie cathode has been* 
unequal, moimy or deiJliritie growtlis will he ohserve<l, whilst at a 
^%ill highjjr current density dark, spongy, incoherent copper is 
obtained. Tluf causes of the difTcrcnccs in the structure of •the 
electrolytic dcposit.s of eojjpcr hav* been considered in Chajiter XI 
(Vol. I). ^ 

In niicro-.seefionr, of ordinart eoj)j>er cast from the fii.sed state, 
the usual polygonal grains coi'Tiuon to most ciSt metal.H are generally 
observed. When the metal uiufergocs deformation tln^ grains 
h(>come elongatiHl, and sections of <'o|iper wire show a lihrous 
■strueturd; on annealing, the lihrous siriu (ure gradually disappears, ‘ 
The internal ery.stal-slriicture of tapper has hcen studied hy the 
X-ray method, and it is foiiml,that the atoms aie arrangial on a 
faee-eentrid cehie qiaee-lattice,- 

.4 smooth eopiier surface loses its initial hiighiness when exiKJScd 
lodlimpair, taking onadiill hrownish colour, winch may he regarded 
as due to a very thin oxiclr/.ed-layer. 'I'lie action is, however, 
contined to the surf.ice, and no further oxidation t.ikes place at 
ordinary tcm|ier.'.tnres, .\t a higher teinjieralnri' oxidation occurs 
even in dry air and may cause interfcTcnce colours , at a reii heat, 
a dank layer of oxide of a|)prec iahle thickness is formisl, hut evini 
at this temperature, the elfect of oxida-tion (>>es not, extend far 
helou the surface, hetause the rate of dilfiision of oxygen through 
the oxidtslayer i(uiekly falls oti as the thicknc.ss of the l.iyer iii- 
ereases.' The dark oxide layer ajiiiears to he cupric oxide (CiiO) 
on the outer surface and cuprous oxide (('U;()) in the lower portions. 
Kinoly dividisl copper ohtained by icdiution of the oxide is 
oxidized readiK by air even at low teiiiperalures. 

(Jopper cannot under ordinary ciieumstances exolve hj'ilrogeii 
as a givs from dilute hydns'lilorie or sulphuric acid. It is, hov^-ver, 
appreciably attacked by tluw^ acids if an n\idi/iiig de|Hila#/.er, 
such as hydr'ogc" js-roxide ca sodhim hy poi hlorit^', is present*; 
diliilo siiliiliurie acid slowly attack copper in llio pnjienee of 
air. Likewise, the metal dis,solvc.s in oxidizing aeid.s ; . 1 ' 1 attSeked 
hy^hot concentrated sul|ihuric acid .sulphurdioxide Is ing exti' vcd 
and fSso hy nitric acid with the production of various oxides of 
nitrogen. In the latter ease, the action is rather .slow at first, 
but afterward.s becntne.s very rapid ; it ajipcars that nitrous lu id, 
which is one of the priKlucts’of the reai tion, acts as a catalyst. 

• 

H. Bauckt*, Jnt. Ztftsch. ktd. 4 (1913), iriS. 

* \V. L. Bragg*/Vn7. Ma{^. 28 (1914), 9or>. 

* N. B. Pilling nnd II. Bfdwoxth, 4. Afrt. 28 (192.^). 

* Compara O. P. Watta nnd N. D. Whippio, J’mxwt Atnrr. KUclr^ffitdn 
32 ( 1 9d7[^| 2^ 7. 
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MRTALS AND METALLfC CO^OXJTOS 

4 . r ^ • 

'If a Hjil)stari(c, like urea, wliich destroys nitrous acid, is added te 
(he nitric acid, tlic attack upon tiic copjfcr is almost Ciitirely 
pnn’cutcd. ‘ ‘ 

A«piece ot copper immersed in nitric acid of spccififf gravity M08, 
and caused to rotate rapidly is»only slightly attacked; but it is 
seriously dissolved, when allowed to remain at rest in fl^i same iVcidA 
The explanation is simple . when the copper is at rest, the nitrous 
acid, formed by thi^ ffaetion, rc^naiiA at the surface of the metal 
and aids further dissolution Hut, if tlu' surface of the metal is pi 
constant motion, the nitrous acid is carried away from the metal 
as soon as it is formed, .ind the catalytic acceleration of the action 
does not occur. ^ 

When compact copper is immcrsrjl in water containiiiff dissolved 
oxvgen, it soon becomes dulhsl, owing to the formation of a thin 
o.xidi/.ed layer (" tarnish ”) The character of this layer depends 
somewhat upon the preliminary treatment of the luetallie surface, 
and upon the conditions of imnieision, but it is often of a highly 
resistant ehaiaeter and will protect the metal from further attack.'' 
A light (straw-eoloined) tarnish appears usually to be more resistant 
than a dark (reddish) tarnish 

Copper IS attacked readily by iupieous amnioiiia or amnuHiiurn 
nitrate in the presinee of oxygen, deep violet-blue amniiiio-eoni- 
poiinds being produced ' In fact, if bright dry copper be placed 
in moist air eontaining ammonia, the surface soon blael ens, and 
becomes coxeied with drojis of a dei-]) \iolet-blue liipiid 

It is iiilerestiiig to mile that copper- unlike iron or nickel—is 
seriously atl.ieki'd by fused eau.stie alkalis. If caustic soda be 
heated at ll.'itl C in a copper eriieible, the fused substance quickly 
lieeonies blue, and a number of small .solid .scales aiqiear sus|>ended 
in tlig " melt " At higher temperatures (.'lOO'' ('.) the melt becomes 
darR'l^rown. and dark crystalline matter, apparently cupric oxide 
(CiiO),•appears at the bottom of the erueitile.* 

Although Clipper becomes-passive niueli less readily than the 
metals of previous groups, it can be rendered passive by immersion 
in a solution-of pota.ssium dieliromate , when in the passive con- 


« c 

^ V. n. I'roc. Rolf. Sue 46 (1880), 216 ; J. ^'of. Chem. Ind. 10 (1891)» 
204. 

* .1 !f. SUmsbh'. I'niii.v. I'nnuiaff Sor. ^ (1013), 11. Aftunlly ftn <'lcctrodo 

(»f plntnmm |ilato<l willi t'opjxT wtix iwd in the ^fxpi'nrru'iiti, no external 
K.M F. h«Mng rtpplu'tU I » 

“ («. 1>. IWugou^lt tuAl O. F. Hudson, J. Inst. Mft. 21 (1919), 102. 

* H. Htissolt »u<l H. ^5. Durrant, Trans.*^i'hcin. So<'. 121 (1922), 2630/ 
tlmt tht‘ nniuutuiti UvtMn<'.>4 larpolv o\idise<l, the mam "firodtict being the 
mtnle IAi(Nn,)|l (NO,),. w ‘ 

* r. H. Kvau.s. ’/’rufi.f.' J\'inuhn (1923). 

* T. \^rtHm‘«Mlnd A. Vh'ck,’'rrftng.^Clirtn iSoc. I19'(U»21), 
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®tion it will not displiu'c silver or uiorcurv from sohilioiis oj tlicii^ 
gaits. * 

• ' The asodic attaclv- of (dpinr dilTirs from flint nf fliotnetals 
hitherto de.serilied in that a eo|)]ier iinoile shows \('ry I it He temlMiey 
to become. ])ii.ssi\e through anodic treatment If a .'-olution of 
.sodium sulj'.'iate is eleetjjilysed in a eed lilted with a eo])i>er amsle, 
the solution lieeoine.s hliie oiyng to ihe presenee of enprie sulphate. 
The rate of dissolution of the amgle, eali' ut.n vd oil tlio assmuptioii 
t4\at (‘upric sul]>l»atr ftn’incd, (•o|•h■^polu!s 1t» a < urn-iit I'llicitiicy 
of 10r» IPP per eeill. . tile faet that I lie eiltcieiiey exeecds l(K) ]ier 
cent. slio\\.s (liat in iiddilion to eiipric ions, Cu". a eertain amount 
of eiiprous ious, ('u'. are fornieft 'I’lie .uioile usually iM'comes 
epvered with red tupnais oxnii* Imt this is not elttsely adliereni, 
and does not eau'^‘ p.is»i\i1y. In a solution ol siHliuin chloride, 
the eurread erticienc\ calculated o:» the same ha-^is is still hi^dier 
iSo ])er cent is ipiilc ii'U.il whilst 2(M) jier cent < an he reached. 
This latter (iLfure indicates that only eupnais salts aic lie.iijj; formed. 

Laboratory Preparation. In a dark, linclydi\ided s1at(\ 
copper can l»i pioflileid liy healinj/ the oxide in a eurrent of 
liydrofren • tin* rea<-tion is auto-eatal\tu*. proeeedin^t slowly at' 
lirst. Imt W'hi'ii once a sjiecK of red cojipci aypears at a point, it 
%,'tins to ser\e as a nucleus tor fuitlnr reduction and the elian^ti^ 
pioc(‘eds apin-e at tliat point ' Mi-tullic e<»jij/crean also he jirodueial 
as a dark red sjion^c, hv the action of /.me ujion tin* afpieous 
solution of a e(>]ij)ci salt. 

If the preparation >/ compact ittjijM r at. a low tcmiieraiure is 
desired, it can he prodm ed hv the i let trojysis of a s.alt soluti<m. 
From a soluiion of tin* snipliate e<aitaiiiini' siilphune acid, eh’ctro- 
lysis will ^i\e a eolnicnt dejiosit iimeh.iiion* hiiliiant <lej)osit is 
obtained from a violently agitated hath eonlaimng nitri^^aeid. 
If theeojiper salts emjdoyed cam tain traces of othcmiel ids (eip( non}, 
this second method generally yields a* puna piodm't tlian the first 
hut, since much of the current is used up m tin* leductidli <»J nitnc 
acid, the curn'nt cllieiency is always low. If a parta uiarlj smooth 
sMning deposit of copper is napiired, it can he obfainei! f om an 
acidified sulphate hath eoiilnining gelatine , such a d^iKisjt lias a 
lamellar structure, as opposed to the columnar or tihrous stnieture 
obtained from colloid fn'c luUhs It is, how(*\er, far from la-ing 
pure 0 ()pj)(*r, si^ca' contains an important i^uantit} of gelatine * 

‘W. R. DunsVm and J. U. ifill, TmnM. Chnn. Soc. 99 (1911), 1803. 

*0. K. White, J. Chrtn. 15 (1911), 731. 

* R. K. Pen«c and H. S. 'i'nylor. JT Arnti^. Oum. Soc. 43 (19214» 2179. 

^ (irulM* urnl Znttrh. JCltktro^ht^n. 27 (1921). 4.5; C'. GnilM*, 

Ztiimi'- itftktroclicm. 27 (f921), 
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METALS AND METALLIC COMPOVNDS - 

✓ • ' 

* Wbrrt! it is (Irsircd, to obtain pure co|)pcr from commercftll 
copp(T in the lal)orat(»ry, it is po8.sil)lo to adopt on a smcfll scalp 
the jRoccss used in technology for the Meotrolytic uefining of 
(:f)pper « 

Alleged Allotropy of Copper. Coln'ii, iin]>re.ssed by certain 
Ninall changes in the electfieal resisliuHt and densAy of copper 
In'oiight ahoiil ly heytiiig, has put forward the view that copper 
undcTgoes an allotro])ie ehnngd at about 72 ()th(T experi- 
nu'nters- (iJiv(‘ e\iunined tliis (jiiestion, and liave eoine to the 
<;onelusioM that no such allotnipie eliange (Kcurs. It is, course, 
well known tliat any |iiri'f oj metal wlin-li has und(Tgon(‘ any 
meehatiieal deformation e\(‘n of a snp(“rtieial ehavacter, is liable 
to e.\pcri<-n<c a oritain eli.ingo on luTi-ting. naimdv, r<‘erystalli/.atioi.; 
in the ease of t he softer metals (li'ad, tin. '/.in<‘, <-opyer and aluviinimn) 
this ehangi' may eomincnee to oeeiir although very slowly at 
(piite lou ti'inperatuies, and will undoubti'dly lia\e a slight efTiH't 
on the physK-ai and (‘leetro-eh(‘mi< a! ])roperties of the metal. It 
is likely that s()im‘ at least of the changes whieli C<»hen has observed 
in many of the softer nu'tals arc ilue to this eausi*. Jt is misleading 
to refer to them as ailotrofiie changes 

Nevertheless, allhougli the list' ()f tin' word "allotropy" is 
unfortunate, the importance of the ehangi's must not lie <»verlooke(K 
M'lie potential of the rlia trodi' 

Polislu'd or eold-drawn e»)}iper | copper suljdiate solution 
is found to lu' distinctly variahle. (h-pending on the- mechanical 
and iluTiaal histcay the metal . only an eh'ctrode covered 
with s[>ongy co]iper gives a pia/eetly ti\('d and constant potential.^ 
Cold-iUuwn copper will tlu'refori' <hlViT from annealed eopjicr not 
only 'y\ its mi'ehanieal pf-operties. but also in its<‘hemieal behaviour. 

V 

r 

Cpmpounds 

Copper fonys two oxides, having the eomjKisititms CuO and CujO. 
'IVo elasscvS pf salts (‘xist, eorres])onding to those two oxides; 
they are known resjUM tivcly as the cupric and cuprous salts.* The 
cupric salts have many }>oints of rosoinblanco to the salts of nickel 
and of cobalt, metals which stand on the left of copper in the 
PeriiKlic Table. On the other hand, the cuprous salts present a 
close relationship t4>| the monovalent sa’ts of shver, which falls 

* E. Cohen nnj W. I>. Holdermnn. J^roc ^Amst. Acaii. (1913), 028; 17 
(1914), 60. Compare th«‘ views of G. Miwing, Zcititch. Mctallhtnde, 10 
(UU9), (W. < 

*0. K. Boriie^s mul I.'Ne Kellberjf, J. H'a.fA. Ac<t(jy^ri 5 (1915), 857. 

’ F. ir. Geti^'rtn, Ttivik. .tawr. i?/cdrorM’w. *SSc. 26 (1914),^ 
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b'Rlow copper in the Table. On the whole (lie cupric salts arc/nuoli* 
giorc ftable than the cuprous, 

• • » 

A. Compoumfs o| Divalent Copper (Cupric Compounds^* 

Cupric oxidCf (\i(\ can lu* obtfliiH’d. as has Imh-h statiMl aho\(*, 
as a l)l;u‘k ]. )\v(hT hy h^jatinj: llie finely tlnidcd im-lal in tin' air, 
although it is only forinc'd to^a vi*ry small o.\1('nt on thn surfaciMtf 
ordinary compact copper cxjjoscd^o air at aliigli temperature. It 
i(^also produced on heating the nitiale or earhonate. 

It may he prejaired frt)m copper salts hy pifiipitation with 
eaustie idkah A ]>ale blue j'lecipitate, usuall\ regai<h‘<l as tin* 
hydroxide, is lust pt^duced. which iisuallv ctmtains 

alkali ; on wanning the Injmd the |ut (i])itate I'ceomes hhiek, 
])re.sumahly hlsing*i'ait <>( Us water ‘ Alter being liltiTcd and 
\vashe<l, the jn'eei])itate sh iuld lx* hcaletj, so a.s lo dii\e olT llu* last 
part of t he water and eiMiifd in air. cupric oxnic being thus obtained. 

It is stated that tile bine ItxdroMch* i> mmh more stable if the 
soluhh‘ copper sail is present in 'light excess of the alkali used to 
precipitate it • mder such ( iit umstances. tlie piccipitatf* remains 
blue even on hoilmg, being ]»rob.il)ly stahiii/ed by adsorlasl enprie 
salt 5 

• When heat»‘d in hydiogen, euprie oxide is leditced to lineiy-divided 
ct j'pcr. If healt'd \er\ sli'oiigly in air. ib.mny lose part of its 
o.wgen.^iroducing cuprous oxide, but on rouling in air, tins oxygen 
is usually taken up again. The dissocial ion pr< s.snre corresponding 
to the cipiilihriiun 

4( uO 1 0, 

increases with the temperature . U is onl\ 12 r> mm. of mejjf^ury at 
but is Oo-IJ mm at l,(KMi C'' • 

rupric hydroxide (]issi4ves in :v( ids yielding ]>ale-hlue sofiiitionH 
'of cupric salts, and in ammonia giviiiu’ a dee]) \ loh f •blueyt»lution 
of an ammonia eom])ound AlthoU]?h not. ap])re(Sai>ly «olul»le in 
dilute caustic .dkalis under ordinars eireurnstancc’,-, it dwHolves 
in concentrated (30 ])er cent ) sodium hvalroxidc, yielding a violet- 
bfue*8olution.^ This has Ih'C'u des<Tihed by .some, cheinids jvh a 
colloidal solution, but it prrfbably contains a definite^ (;u])rite. The 
solution appears to he fairly stahi)* if the copper content is only 
• 

* Compare the ■yew#* of V. Kcrhlx' liutO-r aikI 3. L 

Chem. Ill (1920r m. ^ • 

• %N. G. Ojatterji and X H Idiar, TnwM. Fararlny Sor. 16 (1921), Ap|K)n- 
dix, p. 124. • * 

* F. H. Smvt]i ami H. H. ttolxTls, .7. C/irm. Sor. 42 (1920), 2rjH2 ; 

43 (1921). lOiU. , • • 

^Justin Itmd. 167 (191S), 779; K. Muller, ZetiBch. 

33 (1920),*1, 309; 34 (1921), 371. \ • 
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METALS AND METALLIC COMPOJJNDS, 

4 . ' . 

• smaU, l)ut a solution (containing much cop^r is apt to deposif a 
brown precipitate of partly hydrated cupric oxide on standing.- 
The solutions very rich in alkali, however, deposit a^blue 4 )recipitatft 
which is believed to bo sodium cuprite, but (Jio precipitate turns 
blfMck on washing, yielding cupfic oxide. 

Cupric Salts. Cupric •oxide, oven «vhcn prodfleed at high 
bunperatures, dissoly's in acids muuh more easily than is the case 
with most anhydrous oxides, aliliough if the strongly ignited oxide 
l>o used, the rate of dissolution is slower than if the hydratixl foiftis 
des(!ribed above are employed. Cupric salts may be .obtained 
from the solution by crystallisjjtion. The. salts of oxidizing acids 
can also be obtained by the direct action of the iu*id (e.g. nitric or 
hot strong .sulphuiie) on the. niAal. Many of them, o.g. tiio 
sulphate and nitrate, have bluish solutions ; ^c crystalline salts 
themselves are in thesi! cases generally blue. Cupric sulphate, 
('uS 04 ..')HA 1 . for instance, crystallizes in beautiful blue triclinic 
crystals ; the anhydrous sulphate obtained by he.ating the hydrate 
above C. is colourless. 

Some of the salts show interesting colour-changes. The chloride, 
for instance, which is formed by dissolving the hydroxide, or carbon¬ 
ate in hydrochloric^ acid, is pale blue in dilute solution, green in 
moderately strong solution, and yellowish greeji when the cort- 
centration is very bfl'h. Somewhat analogous changes are seen 
in the solid state ; the dihydrate, CuClj.2H.jO, is green, die mono- 
hydrate greenish yellowj* and the anhydrous salt brown. The 
colour also depends on the temperature ; a solution which is liluish 
at low temperatures may become green or even yellow on heating. 
Further, the passage of hydrogen chloridi' gas through a green 
solution turns it yello^’ or brown; the addition of calcium or 
inagjiteium chloride has a similar effect, but the addition of zinc 
or mem aric chloride tends to cause the colour to return to green or. 
even blue. / • 

The, cdlour-changes are quite analogous to those noticed in a 
solution of colialt chloride and (in a less marked manner) in a 
solution of ferric chloride. The table* on the opposite page makes 
the analogy clear. * 

If we can depend on analogy, we should expect that the blue 
colour of ordinary copper solution^ would be duo to the copper 
cation (possibly hydr^tetl), whilst the yellowislf colour produced on 
adding hydrochloric fccid or calcium chloride .would be due t^ « 
complex anion containing copper, fo! instance, [GuClJ". There 
is independent evidence fof thinking that this is the case; for, 

*F, (J. Doiq^an and H. Bassett, C/ieih. Soc. 81 95i. 
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; COPP'"' Chlortdt* Chto?^. ! ' 


j • . I 9 

I Cblour of acflu'ourt solution , HJuc (diluti*) , Wry pulo y^* j 
I at ordinary temp4mturo ! (oonccn-' low ! 

frTf«rl 1 i 


' Colour on licating . . *■ . iC.iwn (liiluto) : Docp brown-: Bluo j 

gHrown-yollow ish-jcllow i 

; ' (co^outrated) ^ j . j 

adding oalciuin ohlondi'. l5rowni«h ycl* ; Docp brown- ; Blue j 

tnagi^siuin ohlorulo, i’oncon- i low ; jollow i j 

tndod hy<lro<‘hlono acid or j 

alcohol • ' 

^n adding zino chloride or 4ltoouoi’ Iduo , I’alo wdlow lh‘«l 
Tiicrcurio chloru lo* j 

♦ • 


when a solution of cupric cliloridc in hyilrocliloric acid is electrolysed, 
the yellowish conslituent iiunes towards the anode.' 'Ihe green 
colour which i.s eharaeteristie. of euiiric chloride solutions of ordinary 
conce.ntration i.s possibly ilue to tin* sitnultaneous jiresenee of both 
blue cations and yellow anions, dlie latter tinid to lireaK np when 
the solution is diluted, , 

* [CuCl.l" Cu" t fCIL 

and thns the solution heeonies more- Itluish. 

Recent speetroseopie studies’ of the s-.lutions appear to eonliini 
the view, put forward some years ago,-' that the colour of a solution 
is independent of the actual degree of ilissoeiatiou into ions. The 
ions are supposed to have the .same ah.siaption for light whether 
they are moving about imh-peiideiitly or -ye lixcil firmly together. 
Such a state of alTairs aiipears very probable, since it is bW^eved 
•that the ions retain ttieir charge even when muted to one wiother. 
It is thought that the light blue colour of dduts- ayueous solulions 
is due to a .salt of the form [C'u(H,0),|<'lj (or bi thc^tontPof jfuch a 
salt), analogous to the comiiound [('u(NH ildClj, whe-h is tic cause 
ofthe deep violet-blue colour of ammoniaeal solutions. Tie yellow- 
colour of solutions in hydnk-hlorie acid is sui.poscxl to <)e due to a 
complex salt Hj[CuCl,] or to the ions of such a salt. It w'ill las 
observed that the co-ordination number, four, is assumed in all 

these compounds. • , '. 

• Ibe chief insoluble cupric salts are the biAic carbonate, sulphide 
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• and {crrocyanide; thqpc may be obtained jsy precipitation. He 
green precipitate produced when sodium carbonate is addM to ^ 
soluti*)u of cupric sulphate is apparently a mixtura of basic, 
carbonate hnd basic sulphate ; the compositioB of the precipitate 
seems to vary with the conditiofls of precipitation, and it is difficult ’ 
to assign a definite formula to any of tlje con.stituo»ts. ^ 

The sulphide, CuS, unlike the sulphides of most of the metals 
hitherto considered, can bo pr(^iuced in faintly acid solution; it 
is probably the main constituent of the black precipitate wb’i«h 
comes dovvif wben hydrogen sulphide is bubbled through a solution 
of a cupric salt, containing a little free hydrochloric acid, but it is 
almost certain that cuprous suf|)hide and free suljrhur are present, 
(kipric sulpbid(! can be obtained pare by heating cuprous sulphide 
with (lowers of sul|)hur at the boiling-point of»tbe latter. 

Tlu^ ferrocyanide is a brown-red precii)itate, which is of con¬ 
siderable interest to the physical chemist, owing to its emi)toyment 
as a scmi-penimhk ntcmbranc. When a single drop of copper 
sulphate is introduce<l into tlu^ interior of a solution of potassium 
fernM^yanide by means of a piptdte, the drop becaimes surrounded 
with a membrane of the brown f(U'rocyani<le, winch prevents the 
salts from mixing further ; thus the drop retains its forih in- 
delinitely. It a )i(%ous vessel is filled with copper sulphate .soIu» 
tion and immersed (ii ]>otassium ferrocyanide solution, copper 
ferrocyanide is ))recipitated in the pores of the ves.scl, ’and con¬ 
stitutes a membraiu^ IH'jvious to water, but almost impervious 
to the molecules of substances like sugar. Tlu^ use of such a semi- 
permeablo mond)rane in measuring the “ osmotic pres-sme. ” of 
sugar in aqueous solution has been referred to in the introduction 
(Vol. >, page 67). 

AlUiough the impermeability of the membrane to sugar is nearly 
eom|ll^,e. this is not true of all dissolved substances; potassium^ 
nitrate,* for instance, can diffuse through a membrane to an appre¬ 
ciable exU’iit. although less readily than water. Thus the raembrano 
exldbrts “ seleftive permeability ” rather than “ semi-permeability.” 
The cause of •seU'etivo permeability is still a subject upon jhich 
disagreomojit prevails. The most obWous explanation is that the 
membrane is threaded by extremely small channels, which let 
through the small molecules, but which stop the passage of the 
bigger molecviles; thus, according to this vew^ the membrane 
acts as a sieve, or hBtrn-filter. ” , 

The sieve theory in the simple form, however,^can hardly bo 

‘ It. I.>Mond and C. HoberliAi, Tritnii. Ckcm, Soe. IIJ (1919), 908. Com¬ 
pare a. U. Pickering, Pnc.iChcm. Soc. 25 (1909), l^guid diacuaaion fol¬ 
lowing. • « 



COPPER 


11 


adbeptod. It has boe^ found by miurosojpic examination,that 

thin* ferrocyanide membrane consists of a layer of colloidal 
particles of sizes varyiilg between 50fi/i and iOO/i/i. The diainoUw 
of the channels^ i^twcen the ])articlos is believed l(t Ikj about 
10 to This is much greater titan the diameter of the molecule. 

On the othei«hand, the jjiores are smajl enough to make it likely 
that all the molecules witliin^the ])ores are under the inlluenee of 
capillary forces, which may prevu'^t the molei ules of certain sub- 
steaees from enU'ring the channels, whilst favouring the entrance 
of others. In this modified form, the sieve theory is at least worthy 
of conaicteration. 

Anothej possible explanation of^eleetive permealiility assumes 
tl^it the membrane may diasol'<*' different sul)s(anei's to a different 
extent. 'I’hus'a f»roeyanid(' meinl)rane placed between a sugar 
solution and pure*wafer will ah.sorb water on eaidi side, but the 
concentration of watei- in the membrane will be greatest, on the side 
where the water is |nire and undiluted with sugar. Water will 
then diffuse through the membrane from the side where the con¬ 
centration of water i.s greatest to the side where the eoncimtration 
is less (i.e. the side with the sugar solution), and since the membrane 
will thus become su()ersaturated with wab'r on this side, watrT 
»iU pass out into the sugar solution. 'I'hut a sti'ady flow of 
water through the membrane will pris’ced jn a dinsition which 
tends toA'ender the sugar solution more dilute. 'I’he sugar which 
is not appreciably dissolved by the memlijane cannot pass through. 

Two varieties of this latter theory I’an be distinguished, since 
it may be supposed that either ''true solution” or alternatively 
” surface adsorption ” of water by fhe membrane is the important 
factor.* In the second case, the theory becomes jira^tically 
identical with the ” modibed sieve theory ’ suggested abi^e, in 
which capillary fork's rather than meehanieal obsirtjetifin- - 
allows the molecules of certain sulu-tanees to enter thif pores, 
whilst preventing others. • " . 

Ammonia Compounds.* When ammonia is add'd Ui cuiirio 
sulphate, a light blue iwecipitate first appears, whieh'is pros imably 
the hydroxide. This di-ssolVes in excess of ammonia to^ive a dtstp 
violet-blue solution. By arlding alcohol it is possible to obtain 
deep blue needles of the eijmpound, CUSO 4 . 4 NH 3.11,0. Other 
cupric salts yield a deep blue colour with arajnonia, and a solution 
• • 

> F. Tinker, P*oc. Roy. Sor. 9i (A] (lOlB), 3.57 ; Tmni-. Faraday Sac. 13 
(1917), 133. 

* E. J. Hartung, Faraday Sac. 15* (1020), iii, IBO. • 

* H. M. DawHon^wd J- MoCrae, TranK. f'hcigi. Sac. 77 (1900), 1239; H. 
M. BawaSUr Tran, Chan. tiac. 89 T19Q8), 1666 ; 9S (1909); ^370. • 
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• of sipiilar appearance ij obtained by dissolvi^ pure cupric hydroxide 
(free from Hulphales) in aqueous ammonia. The amifloniac/il 
solutbm of cupric hydroxide has the singuthr proj)orty «f acting aa 
a ttolvent for cellulose. ‘ Reducing agents, lil^ .sufphur dioxide or 
liotaasium (!yaui<le, destroy Mie deep blue coloration, cuprous 
compounds being produced. ^ • 

The ammoniacal solutions of cupric hydroxide and cupric salts 
are supposed to contain .such ^mmines as [Cu(NH 3 )(](OI 14 b and 
[Cu(NH..,) 3 j.S()„ and the deep blue (sdoiir of the cupric amu’iaws 
has been aserilasl to the complex cation [CulNH.,),]" which is 
present in all the .solutions. 

It is interesting to note tliadin the aminines of.divalent co])per, 
lus in the ainmines (jf divalent ])*lladium and ])l.'itinHni, the fo- 
ordinatiim iiumhiT is four. On (he other hand, eflmplex salts of 
copper are known in whk'h IIk! co-ordination number is six ; as an 
e.xainple thi' complex nitrite K .[CulNOjlt] may be mentioned.^ 

B. Compounds of Monovalent Copper (Cuprous Salts). 

Cuprous oxide, ('u.d), can as already stated be iirodueed 
by heating cuprii; oxide at a high temperature, and cooling out of 
couta(!t with air. It is more convenient to prepare it in a wet 
way, by the aetioifof a reducing agent, such as hydro.xylamine w 
glucose, on a cupric fdt in (ho presence of alkali. The pri'eipitati' 
lirst thrown down when a solution containing copper sulphate and 
hydro.xylamine hydris'hlyride is renilered alkaline with potassium 
hydroxide is light yellow, and is probably a hydroxide. But it 
soon becomes orangi' or brick-red, and when dried in iwuu over 
ealeiuni chloride, is found tej lav nearly anhydrous.'' The dry 
oxide •sually pos.ses.ses a bright rial colour, although its tint- and 
still tiiore that of the hjldroxide varies somewhat with the method 
of (Irimaration, being probably affected both by the size of the 
particifs and also by the water-eontent.^ Cuprous oxide can also 
be obtained by the eleetrolyfiis of a sialium chloride solution in a 
cell fitted with a copper .anode ; the oxide produced is usually 
yellow it formed at temperatures helow (10° t'., but is seajlet if 
formed at,U)0^'C. • 

The cuprous salts are loss stable than the cupric salts. When, 
for instance, sulphuric acid is allowed to act on cuprous oxide, 
the main product is not cuprous sulphate, ,but^ cupric sulphate 
along with mctallievopper. NeverthelAis, cuprous sulphate cjn 

‘ For details regarding the solubility of cellulose in tl^w solutions, see 
K. Conuemde, Hull, Soc. ('hitn. Jlrtg. 28 (11114), 17(1. 

* F. K. Jeffery, Traiift, y-'acihfay 16 (1921), 4.73. 

*1,. .Moser, ZritiKh, .4l)org. Chtm. 105 (1919). 112^^- 

<U. \r. tJiUelY, J. Phye. Chan. W (f91*«), 3J2. » 
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exjpt to a small extent iii*aqueous st)lution, as can be sliomi by • 
boiling finely-divided C(ll)pcr with cupric sulphate. A small poftion 
of the copper is attacked, forming cuprous sulphate, according to 

{ho balanced rtthotion.' , * 

• • 

C'liSO, +■ Cu C'UjSO, 

The amount of cuproua*Halt formed iwvcry small, but it is larger 
at 100" C. than at ordinary tei\jperatures. If the solution is filts'red 
hot, the filtrate on cooling ileposifi< a visible amount of metallic 
ct^er, which shows that cuprous sulphate must have existed in 
conaidcraidc quantity in tlie hot sohition, but lias (lartly dceonijtosed 
on cooling. At ordinary temperatures, in a normal solution of 
copper .sulj)hate«in e(|uilibrium witTi metallic copper the ratio of 
eiqiric ions (Cu") to cuprous (€u') is about 100- 1. 

It is ijot surprisiil^ that solid cuprous siiljihate cannot be isolated 
froiq an aqueous solution. It has, liowi'ver, been obtained through 
the action of methyl sulphate upon cuprous oxide at I(K)'’ water 
and oxygen being excluded.- It is a grey |)o«der which is decom¬ 
posed by water with tlm production of cupric sulphate and eoiiper. 

The view has been advanced that cuprous sulphate is actually 
the primary prwluet fornud when sulphuric acid acts u])on metallic 
cop]»f-T.^ 

• The halogen salts of momnaleiit copper are iflore stable than the 

sulphate, and can easily be prepared in the t*ilid form. These are 
almost in'soluble in water, like the eorrespoudiug silver compounds, 
which they resemble in many other rmqieets, notably in being 
sensitive to light. Cuprous chloride, t'uCI, is formed when a 
•solution of cupric ehlorule in hydris'ldoric acid is boiled with 
metallic copper. ♦ 

(hi i-('u('lj 2<'u('l. 

The cuprims chloride, produced is soluble in strong hydris^fiorie 
tocid, but wh(“n the solution is diluted with water, it is"tbrown 
down as a heavy white erystalline,pre( ipitati-. insol.ible in pure 
water. On exposure to the light, the white coloui tun's bluish- 
grey. Chiprous chloride is soluble in ammonia, proilueing a colour¬ 
less Ablution, which is easili^ oxidized by the air, yielding tiie dee]) 
blue ammoniacal cupric solution referred to above. A'solution of 
cuprous chloride in hydris'ldoric ar id readily absorbs carbon 
monoxide gas, doubtless forming a eomimund. The power of the 
lower salts of (*pp?r tosabsorb the lower (bpsiiturateil) oxide of 

• If • 

*ror further discussion of this eiiuilibrium, and the etloct of cuprous salts 
on the depoaitioft of copfs'r, so** A. .7. Allmand, " Applied Eloetrocliomistry " 
(Arnold), (Chapter XVII. • 

•A. Recoura, Rend. 148 (1909), 1105. 

•J. T. J^hindall.ay^as.^ Chen^ Soc. 105 (f9f4), 60. 
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, carbon may bo compared to the power or the lower salts of iron agd 

nithJniuni to unite with nitric oxide. * . . 

Cuprous bromide i.s less soluble than the chloride, but rosemblSs 
it ip beingeicnsitivc to light. Cuprous iodide can*be formed from 
cupric salts without the addition of a reducing agent. On the . 
iwldition of potassium iodide to cupric sulphate, cuprous iodide is 
formed ; no doubt cupric iodide is first jitoduccd, 

Oust), f 2KI^ Culj f 

but it is unstable, and splits up sjiontancously, 

Culj t'ul + 1, 

thi! cuprous iodide being tbnnmi down as a iirecipitatc. However, 
siiua: the decomposition of the cuiiric body is not quite'complete, 
it is best to add a reducing agent, such as sul^ihur, dioxide: tRis 
removes the fri'c iodine, and leaves cujirous iodide as S, white 
[irecipitate, which is even more insoluble than the bromidl* or 
chloride. 

Cuprous sulphide is formed as a black substance when cupric 
sulphide is heated in hydrogen. Solid solutions, having a com- 
jiosition between that of cuprous sulphide and cupric sulphide,* 
exist; they can be formed by fusing copper and suljihur together, 
or by heating cupnips sulphide in hydrogen sulphide. The sulphur 
content in the latter^ease depends on the temperature employeif 
It increasi's as the temperature falls, until at IfiS" t'. the product 
is l)ur(^ cupric sulphide. 

Cuprous sulphite is jlrobably the only oxy-salt of monovalent 
copper easily produced from an aipieous solution. It is obtained 
as a white precipitate by jiassing sulphur dioxide into a hot solution 
of cupijc acetate in acetic a(da. Sulphur dioxide is here made to 
function, tirst as the nxlucing agimt, and then us the precipitant. 

Cuprous cyanide, CuCN, is formed when pota.ssium cyanide is 
heated^vith cupric sulphate; a red precipitate of eripric cyanide' 
is tirst prrKluced, hut loses •(;yanogen on boiling, yielding white 
cuprous cyanjde. Excess of potassium cyanide redissolves the 
pnxdpitate to_give a colourless solution containing the complex 
cyanide KCN.OuC'N, which jrrobably i^uuzes in the mode expAssed 
by the formula, K[('u(CN)j], 

C. Miscellaneous Comifounds. . 

Copper peroxide}* When hydrogen qreroxidcMs added to an 
alcoholic solution of'cupric chloride^ at — 40“C., and alcolftlfi! 

* 

‘ E. pOTiijak and E. T. Alien, Ecot^ Oeol. 10 (1915), 491. 

• L. Moai'r, Zeiltuh. Anon), vhem. 86 (1914), 380. Ounparo J. Aldridge 
and M. I) Applokey. Trans*(Virm. Sor. M* ^ 
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p(jj»9h is then added, a dark brown unstable peroxide is obtained. 
It can J)e washed will* alcohol and ether at - liO“ C. The likme 
compound can be obtained in the dry state, by the action of elliereal 
hydrogen peroxide on cupric hydroxide at about 0° ujid is’then 
found to have the*composition Cy0.j.H,0. If toiiehed witli" a 
warm glass rod, it explodes. 

Action of Light of*Copper Salts. It has already been 
mentioned that cuprous chUTridc and bromide, like the eorre- 
sjjjjjj^ng silver salts, undergo a Aange of colour when exiaised 
to light. The substance becomes first greyish blue (or dark green 
in the ca.so of tlie bromide) and finally dark eopis'r-coloured ; the 
change does no^ occur if the eompbunds are (piite dry.* There 
seems to bh little, doubt that, as yi the ease of the silver eom)iounds, 
])artial decorn]*ositi|)n oecurs, nudallic eop])er and free halogen 
being prtidueed ; the copper apirears first in parfieles of “ colloidal ” 
size.* In tlu' dark, the re-,erse. changes occur. In the ease of the 
iodide there is no a])preciahlc change of colour on exposure, but 
it is fairly certain that soim- diange occurs, since tlu; electrical 
conductivity of cuprous iodide incrcase.s considerably when it is 
exposed to light, and falls again ivhen the light is shut off* The 
incrcaBcd conductivity is ascrihi-d to the free ioilinc ; il.K disappear- 
ii^ice in the dark is due to tlu^ recombination o>the two elements. 
It has been found by imlejicndi-nt work that^cuprous iodide con¬ 
taining alraee of free iodine is a good condui-tor, hut that it loses 
practically all its conductivity »hen the free iodine is driven off. 

The action of light upon eo|)per compoumls may he exhibited 
in a different way, by means of an ehs tric cell in which both jioles 
are of copper, la-ing essi-ntially simijar except that one is i xposed 
to light and the other is not. The. light cairscs changes »which 
involve an alteration in the potential. ThcVell ^ 

^ Oopper i Coppei'formate solution eiuitainmg I (oinj^-r* 
unilluminateil | formic iciil^ ■ illuinitfatid 

is capable of developing an EM.F. *of over IJ l volt.' 'i’he^illu- 
minated plate ;iets as the negative (attackable) pole 

• • 

Analytical 

The various reactions of eop)sir sall.s given above servo to 
characterize the conyiounds oT thr- metal. Particularly striking 

is the intense blu^coloratiitn obtained by addings-xcess of ammonia; 

• • 

‘ O. Singh, Tr/ln«. Chm. Sor. *121 (1922), 782. 

• G. Riidert, Ann. Phy«. 31 {1910),*559. Compjiro K. Badekcr and E. 
Pauli, Phy8. (1908), 431. •’ 

•T. W. ^ise, Treum An^r. EUcUlpdiem. Soi. SI (1917). JV^l. 
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nickel, however, gives a similar reaction. The blue* precipitate 
produced hy sodium hydroxide also serves a* a useful test; it turns 
black on warming. Co))per salts moistimcd with hydrochloric 
acid hnpa^t a green colour to a Bunsen flame. « * • 

(^>pper is se|iarut(!d from moat of the metal* hitherto described 
hy the passage of sulphuretted flydrogen through a faintly acidified 
solution. 'I'he sul])hides of*.scveral othertmetals (raoStly belonging 
to the “ B ’’ groups of the Periodic tTable) such as tin, antimony, 
arswiic, mercury, cadmium, loiAl and bismuth are precipitated at 
the same time, if thc.s(> metals hap|)en to be present in the soluUWTT. 
The separation of tlu'se imdala hy purely chemical moans iv a rather 
long oi)eration, and cannot j^ere be described in detail.* The 
separation from tin, antimotiy and arsenic dopendsfon tlie fact that 
the sulphides of these metals arS soluble in yellow ammoniom 
sul|)hide. The se|iaration from the other mot* 5 |,ls flependg on the 
fact that cop|)er forms a stable complex cyanide. Thus from a 
solution containing excess of pota.ssium cyanide, it is possible to 
j)recipitate lead and bismuth by means of sodium carbonate, or 
mercury and cadmium by mean-s of hydrogen sul))hide, copper 
retnaining in each case in the solution. 

Having obtained the whole of the copper in a solution free from 
all other metals, ^nd having driven off cyaiudes, if present, by 
evaporation with sulphuric acid, we can proceed to convert tlA' 
copper into some foriti in which it can be weighed. A rough method 
is to precipitate with sodium hydroxide, and weigh as cupric oxide ; 
but the precipitate throarn down usually contains traces of soda, 
which cannot easily be washed out. Cojiper may be jirecipitated 
as sulphide by passing sulphuretted hydrogen through the 
acidulated salt solution : but cupric sulphide, Cii.S, cannot be 
ignitefl in the air. as this would convert it to oxide or to sulphate. 
If n|Vtly ignited in a current of hydrogen, cupric sulphide is con- 
verteij wholly to cuprous sulphide (t!u,S), a substance of very 
constant composition, whieli can then be weighed. The estimation 
of copiKtr as sulphide propiwly conducted is very accurate, but the 
ignition in hydrogen is a little troublesome. 

Copper is, however, most conveniently estimated, as MBtallic 
copper, by the eJerlroli/sin of the sulphate solution in any of the 
forms of apparatus de.scribed in Cliapter XI (V'ol. I). The 
precipitation of the metal upon the cathode can bo completed in 
ten to fifteen minii^ni if the solution is rnjiidly stixred; the clectro- 
analytical apparatus designed by Sand and by Eischer allow excellent 

* < 

' For dotaiU aoo F, P. Treadwell. " Quantitative Anal.v8n ” i trandation 
by W. T. Hall (Chapman “nd*Hall).* B. Frceeiiius, ' ^eitung lor quanti- 
tativen ^hemischea Analyse ’’ (Vieweg)^ ^ 
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d(^po8it8 of copper to be obtained in this time. Nentrol copper 
sulphate solutions do not yield very satisflietory deposits iJpon 
thb cathode. But fropj solutions containing a little nitric acid 
(or, altornativciy, sulHcient jsitjussiuni cyanide or uinmohium 
oxalate to form a complex salt) vyry snuxdh bright coatings of 
copjOT may be obtained : after deposition is eoniplete, the electrode 
can lie driisl quickly by i/ashing with alecihol and heating in the 
steam oven. *’ 

One advantagt' of the eleetrolytlf ni(‘th<Hl of separating eopjar 
is that it largely obviates the tislious chemical separation of eopjier 
from mos.. of the other metals referred to above. The addition of 
nitric acid to the iiath is iisuaiiy ^ullieient to prevent the eo- 
deposition .d leafl, zinc, eailmiuni nickel and cobalt from solutions 
containing salts of these metals On the other hand, if a metal 
like bisn.uth. whiels fulls near to copper in the Potential Series, bo 
presftit in the solution, it is necessary to regulate the cathode 
potential carefully if the seiiaration of the two inethiMls is dcsirt'd ; 
the eleetrolytie separation of lopper and bismuth is conducted 
from a tartrate solution, in which bismuth exists ivs a stable complex 
tartrate.' If metals like silver, ilistinetly more noble than copper, 
bo prqfient in solution, they shouhl be removed (by gnuled electro¬ 
lysis, or othcTwisi') befoie the ipiantitative pu’cijiitation of the 
e(,p|S‘r is earrieil out 

topjM'r may also be estimated by a volumetric method, 
lulvantage being taken of the fact that eiipne salts are oxidizing 
agents. If eopi>er is present as sulphate ni neutral solution, and 
is warmed with excess of potassium iodide in a ato|i|iered bottle, 
iialine will be liberated owing to the fact that eujirie iodide decom- 
pixses spontaneously into cuprous i'sudi* and iislinm The aniount 
[)f iodine liberated can ipiiekly be found by titration with a solution 
of thiosulphate of kmqm strength ; the destruetion of the iiUnne 
is seen by the disappearance of the yellow colour from the H<d|ition. 
Just before the end-point of the titration is reached,ai little starch 
mlution is added to tiie liquid: starih gi\es a blue eoldbr.with 
free iodine, and the disappearance of this colour mark . the removal 
of fhtf last trace of iodine from the solution. The amount of 
thiosulphate used .-hows the aniount of iodine liberatAl liy the 
loppcr sulphate, and this gives a measure of the amount of copper 
present. • 

Tlie changes iifvolved nay be expressixl thus 

(1) :5C’us 6. + -IKI 2K.S0, + 2CuI 4 I, 

(2) 2Na^S,0, 4 21 .2NaI 4 Na,S,f). 

* • • 

* A. ]^i8cher» ScHrP'lfrnethfxl^n (Knko^ 

M.C.—VOL. IV. • C 
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The liberation of iodine according to equation (1) is not at*^t 
quite complete; houtiver, as the iodine isfompved by change (2), 
the remainder of the cupric salt reacts, setting free iodine, so that 
the hmoiuit of thiosulphate finally consumed cotrespSnds to the 
quantity of copi>er present, , * 

TliRRlftTBIAr, 0C(;IJ1EENCK 

Copi)er is only a minor constitutnt of rock-magma. It occurs 
in many ordinary igiu'ous roc^is, but the copjrer-content of most 
of these rocks is very small, being generally of the order of O ftTper 
cent. In a few cases, sulphides of iron, copper, and often nickel, 
have separated out in the qltra-basio portions of the intrusive 
masses, and valuable ores have been produced; 'the nickel-copper 
ores of Ontario may be of this character. In niosk cases, howetcr, 
the copper apjjcars to have accumulated, during the process of 
solidification of an intrusive mass, in the portion which remains 
liquid to the last, and the thermal waters which have been given off 
in tho final stages of the process arc often comparatively rich in 
copper. It <‘an bo regarded as being present in the water (at least 
potentially) as a sulphide, which is ktqrt in solution—for the moment 
—on account of tho high temperature and jjressurc, and possibly 
also on account of 4 ,the presence of acid siibstances such as hydrogen 
sulphide and carbon dioxide. Hut copper is by no means the ortly 
metal which becomes concentrated in this way ; the, waters as 
they leav(^ the intrusive! mass contain a very much larger amount of 
iron sulphide ; fivqucntK’ notable amounts of lead, zinc, and possibly 
antimony and arsenic are present, and commonly traces of .silver 
and gold. The chief non-metallic substance dissolved in the water 
is sili^'a, which is probably ple.sent in large amount. 

As the waters ascend towards the surface, the lowering of 
te^4)erature and pre.ssiire cause tho deposition of part of tho dis- 
solvw# substances on the walls of the fi-ssurea through which the 
waters are rising. In the* early stages of the .ascent, quartz is 
depqsittd in the veins, together with 

. Iron pjTites . . . FeS, 

The iron .pyrites itself may contain traces of copper, but where 
the copper concentration in the thermal waters is sufficient, the 
double sulphides 

I'opper pyrites (Chalcopyrite) Cu^Sj * , 

and Bornite * . . . . CusFeSj pr perhaps Cu,FgS» 

soon tmgin to bo deposited along with it. Some of tho moat 

* Fof tJie question of formula soo It. J. Harrington, .4mer. J. Sei. 16 (1903), 
151. ■ ' 
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; imj^ortant copper deposit* were formed in this way ; it should be 
noted tl^at iron is almost always present in qunntitiee greatly 
exeeeding the copper. , 

Copper pyritea is a mineral with brass-yellow metallic lustre, 
^although it is sometimes fouiul tarnislusd and iridescent. Where 
there has been sufficient frei-doin of growth to allow it to assume n 
proper crystalline form, i. crystallizes m the tetragonal system. 
Bornite is sometimes known ns “ purjile cojijxt ore*,” but its eolour 
varies from purplish brown to red. * It has a metallic lustre wlien 
fresh, and when tarnished is iridescent. 

Tho deposition of these suljihides from thermal waters is es])i‘eially 
to tie cxiK'Cted where the waters liavg to pass through rocks which 
will remove the abid gases ; it is a fact that many of the veins aro 
richest in cop|S‘r where they cut limestone. But eo]i]K‘r oro is 
not deja'i.ilent on tlai iiresence of limestone in the same way as the 
ores ef zinc and lead. One of the richest co|)pcr deposits in the 
world, that of Butte (Montana) is found in a granitic rock (ipiartz- 
monzonite). 

Where the waters aie rich in arsenic or antimony, W(‘ may also 
got such nnnerai.-, us, 

• Knargite .... ('u,,.'\sS, 

01*1 Tetrahednte . ('u,t4bjiS, 

Both of these are black minerals with metallic lustre. Tctraliedritc 
sometimes occurs as remarkable tetrahi’dral crystals, eoating, or 
coated with, crystals of chalcoiiyritc. 

It may be advantageous to point out here that if the ascending 
waters contain zinc and lead, these metals will in a similar manner 
— 1)0 deposited as the sulphides, ^ 

/Cine blende . . XnS , 

and (lalena . . I’b.S 

f 

The deposition of these two siilphitlcM i.s.i«iitieularly likely to (H:eur 
whero the waters pass through liinestone. The zim add Jeod 
minerals have rarely la-en deposited at exactly the sa.' ie points as 
the cojiper ores, and indeed tho main zinc-lead ores arc found in 
different localities to the main copiwr ores. Silver is dbmmonly 
found in small quantities both in tho copjier ores, and also in tho 
load ores, and is accompanied* by even smaller traces of gold. 
Bismuth is frequ«ntly found in copper ores—^ matter of some 
tecfliAial importance! owing to the fact that" bismuth adversely 
affects the quality of copper. 

In the upper portions of old copjicr-licaring veins, whe^e air, 
carhwi dioxide and-watq^ have long had i^iportunity of reacting 
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with the sulphides, the sulphide ores have been oxidized to sulpijtef 
and basic carbonate#, such as * , , 

^ Chalcanthito . . CuSOi.SHjO , * 

' Drochantit(! . CuS 04 .^Cu(OH )2 

Malachite . .< . CulOHjj.CuCOj 

and Azurito • , • • C^IOHlj.iCutlOa 

Ot these minerals, broehuntite aiijl malachite are j(rcen, whilst 
azurito and chaleanthite are^bluc. Sometimes, as the result of 
further ehanjfes, thi^ oxides ^ 

Cuprite . . . Cu.O , 

and Tenorito . . . (,'uO 

appear in the upper zone, • , 

Tlu^ noi-inal sulphate of eo])p(<' is soluble in water, and <iften 
will pass down in solution from the <ixidized ziljie to the iwichariged 
suljddde zone below. As soon ns it enteia the latter, however, 
it will react with the iron sulphides whieh are usually iwesent in 
large (piantities. Double decomposition will <je(,'ur; copper 
Bulphat(! and iron sulphide will jircxluee iron sul]ibatc and eopjK'r 
sulphide, whieh is considerably less solubb^ than the sulphide of 
iron. 'I’bus at the junction of the oxidized and unchanged zone 
of the deposit, we^et a very notewortiiy amount of the " secondary ” 
minerals, * 

ChalcAeite (copper glance) . CikS 
and Covellit(^ .... Cu!S. 

This rich region at tbt' junction of tlu^ oxidizi'd and unchanged 
jiortion of the ore is known as tlw Z««e of tticomiuri/ EiirichmcnI.' 

The main copper ores of the world iseur at jioints upon the 
I’aeifjc Ore-eirele. At ClnKiiileamata (Chili), high up in the Andes, 
(H!curs ■' what is probably the largest cojiper deposit known to-day.” * 
T4«f lower portions of tlu^ ore consists of Hul[ihides, but the uppiT 
jM)rtw5is of the ore—the parts which im- now la'ing mined—have 
iM-eomo entirely oxhbzed, mainly to the basie-sulptiatc (hrcK'hantitc). 
Chlgridba also occur in this part of the ore. 

Passing northwards, we find extensive ores of copper in Arizona, 
where a low-grade sulphide ore is larpely oxidized to carbonhtc and 
oxide in “the upjw'r jiort ions ; this oxidized oix‘ only contains 
about I'O jH>r cent, of eopjjcr, but the aggregate coi)i)er-production 
of the state is quite large. Copper ores occur again in Utah and in 
the Rocky Mountains near Butte (Montana)the famous Anaconda 

> J. F. Kemp, Ju'cmi. UmL 1 (1906), 1| ; E. G. Zies, E. T. Allen, Mid H. 
E, Merwln. Kcon, Qn>l. 11 (1916), 407 : \V. K. A. Thomol*, J’mas, /M, Afi«. 
Met. J3 (1913-14). 65. 

* AiAonlmg to E, A. Ctqa>eliu Smith, Tmm. Amft. KUctrwhem, Soe. 25 
tl914)„l93. . ” 
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miftes occur in the latto^.region. The Montaiyi oreR were evidently 
originall]^ dcjM>8ite<l by waters ascending through fissures from an 
igneous mass, hut theit' has la'en much secondary enriohmjnt; 
the secondary sulph-dcs (chalcocite and covellite) are Iho most 
*important minerals. A gn'at ileal (if tho sulpharsemde, enargitc, 
is found in Mo.etana, and 'i appaicntly a iirimary mineral since it 
exists in greatret quantities in the lower, unchanged, part of the 
ore, although, according to .some geologists, it is of B(>condary 
oiigin 

Purther round the eirele, copper ores are found in Alaska. Tho 
metal occurs again in .lapan, and mtv inqiortani ores are met with 
in Australia (maUdy in Queensland,\ew Siaitli Wales and Kouth 
Australia) and lastly in Tasman.''.i 

Outside the I’aed.e Ore-eirele. eiqiper deposits of eonsiderablo 
importance laeur in'the Huelva dislriet of Spain, notably at Kio 
Tinto.' Here the ores consist essentially of iron pyrites, but in 
manj' parts it is ini\ed nitli a small quantity of eopiKT p,>Titcs. 
The eop|X'r-eontent is about 2 per cent. Secondary enriehment 
due to descendin' Mater has oeeiirred, and in the enriched zone tho 
ores may contain 4 7 )ier eeiit. of copper 

ThcMeposit of “ kupfer sehiefer ” at .Mansfehl (tlernianv) is of 
iinrrest oning to its mode of origin. The stratum is e.ssentially » 
bhn Kish, bituminous shale of marine origin, 1 1 feet thick, contain¬ 
ing remains of the bones ipf fish, shells and mueh organic matter 
derived from the life which existed in the ser in Mhieh tho sediments 
Mere deposited. The sh le now contains, however, 1-3 per cent, 
of copper, which has evidentially been brought into it later by tho 
agency of wat' rs percolating through the riaks of tho district, 
since the eojiper-content always increases near to certain fiifkurcs 
through which the eo])per-bearing waters must have arrived. <l'he 
organic matter of the shalij has apjiarently leduced the eopjji'r— 
which possibly e.vi.sted in tbe watir as. suljihate- to an insoltiblo 
sulphide, .ind consequently the shale contains a notabh anvnint of 
copper, whilst the rocks alxive and Is'low if, which .i.-e free from 
organii^ remains, contain little or none. 

The extensive deposits of the Lake, iSiipcrior region arc* of great 
interest, since the eopjier here occurs in the metallic state.® The 
rocks of the district include sopic conglomerates and sandstones 
(i.e. the shingle anjJ sards of an old Ix-aeh); an old lava is also met 
wilt Jiaving a sjxingy or “ vcwicular ” structafe, caused by tho 
escape of imprisoned gases at fho moment of solidification. Long 
after the formation of these rocks, poppej-bearing waters, pt^ibly 

> A. M. Fvdayww. Earn. Oeol. S 403. , 

«H. C. H. Carpenter, V. In t. Met. 12 (1914), 231^ 
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of igneous origin, have deposited metallic fcopper in the interstTces 
between the pebbles of the conglomerate and between t!ie sand- 
graitis of the sandstone; likewise the waters Ijave left metallic 
copper within the vesicules of the lava, where wo find “ amygdules ” 
(kernels), often consisting of'some common mineral (calcite or a 
zeolite) coated with mctilllic copper. Fissures also penetrate the 
rocks and these contain metallic copper, which in exceptional cases 
may occur in very largo lumps^ a lump was found in 18.57, weighing 
420 tons. The copper occurring in the conglomerates and»safld- 
stones is found in small particles in tho ctnient which bin/ls together 
the pebbles or grains, and rc^iders the whole of the red rock tough 
and diflicult to break up. • , 

One naturally inquires what^the reducing agent was whitih 
(siused the rediudion to the metallic eonditidn. Probalily it was 
some iron comjiound (ss urring in the lava or els(^where; .many 
ferrous salts- and also iron pyrites--are eapable under certain 
(ouditions of reducing eoppc'r to the tnetallie state. If we imagine 
that hot waters containing cupric sulphate enter a bed containing 
such a reducing ag('ut, much cu])roua sulphate will be formed; 
(mprous salts can exist at high tem|a'ratures in considerable con¬ 
centration. Howvvi'r, as the waters cool, the eujwous sfdphato 
will decompose to cupric sulphate and metallic cop|H’r, which Will 
be deposited in the^cavitics of the rocks through which the waters 
are piwcolating.* 

The important copper-nickel ores of .Sudbury (Ontario) have 
already been discussed in the section dealing with nickel, and 
need not bo described a second time. The ores of Cornwall (England) 
deserve a passing mention, •although the remunerative ores are 
now completely wopked out. The principal minerals were 
clgvlcopyritc, bornite and ehaleocite, the latter occurring in splendid 
crystjsis, known locally as “ redruthite.” ‘ , 

, ■ METAtl-UROY® AND UsES 

Urelimln'ary Considerations. It will be "evident—after 
reading thir iwreeding section—that uuoxidized copier qres, os 

* H. N.^Stekos, Econ. Ocol. 1 (1906), C48. Compare S. Croasdale, Eng. 
Min. J. 97 (1914), 749. 

* Hrrfereuco should ta) made to t-ho papers on copper metallurgy by H. C. 

tt. CorponWr, J. Boy. Soc. .4r(.r. 66 (19W), 114, 128, 141. ond H. (). Hofman, 
J. EranHin InM. 181 (1910), 83, and to the pgrtioits of iV. (lowland's " Met¬ 
allurgy of Non-ferrou4 Metals ” ((.rittin) dealing with copper. In coiuul^tug 
toxtbwks on copper, care should lie takga to obtain the most recent edition 
of tho works, os the position is rapidly changing. Storfdard works inoluda 
D. M. Levy, " Mmlern Copper Smaning ” (Oriflhi) ; E. 1>. Peters, " Practice 
of Copper Smelting ” (McOraw Hill); H. O. Hofman, " Metallurgy of 
Coppeo." (Mearaw Hill).' A small hoojt by, H. cij. Pickard, " Capper ” 
(Pitman), giies much useful inforraatiom ' 
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mined, usually contain comparatively small amounts of copper 
sulphides accompanied' hy larger amounts bf iron sulphides 'and 
by a very large amounUof gangiie, usually of a siliceous character, 
and having a Mgh melting-point, The oxidized orm u.*e’similar, 
but the place of siUphidcs is tahci) by sulphates, carbonates and 
oxides. j 

Owing to the comparatively large amount of valueless material 
in all copper ore, it is clearly necessary to avoid ecist of trans|K>rt 
by smelting the ores close to thi' nifnes. Thus most of the world’s 
copper is now pnKlueed in regions like Arizona, Monlana and Chili, 
where the ores occur, and only the linal stages (refining) are con¬ 
ducted at any epnsiderable distancoafroin the mines. Centres like 
South Wales, which ch pend \ijion a supply of ore or concentrate 
from a distance, hrve (eased to be of thi' first importance. 

The copper■eont(*nt of the ore will vary considerably, and sulphide 
ore arriving at a gi\en smelting works is generally elassilied at once 
intsi •' first-class " and second-class ” ore. The fornii'r (usually 
containing more than about 5 per cent, of copper) is eonsidr'ri'd 
lit for din ct smelting, and the only preliminary treatment needed 
— apart from drying- is to jai-ss it over screens and thus separate 
the ooarse and fine portions, which usually riapiire to be smelted 
ig‘parately. The sieond-grade sulphiib: ore is l^^ually subjock'd to 
preliminary concentration so as b) produce a high -grade concentrate, 
which is then passed to the smelter. (Ixidized ores an! not usually 
subjected to the same sort of preliminary concentration as a sulidiido 
ore, partly because they are not specially suited for flotation, but 
maiidy b('(!ause t,lu!y are nearly always treated by W(!t methods, 
and the leaching is itself a form of concentration. 

The limit, heJow which a coppei ore ceases to b(! worth'hi|gidIing, 
Wi'ill vary with many hxal (onditions, and with the stattj of the 
copper market. In Montana, the average conkmt of j((j<ion(fi"laa8 
ore is about 3 per cent. ; but, iii flermany during the war, when the 
demand for copjter was very great, \ftinsfeld ore with only (I 7 {XT 
cent, of copper is said to havi; been treated. At J.io link), tho 
content of those ores which arc regarded primarily a.s copper ores is 
usually about 3 per cent., but poorer ores arc worth treating, on 
account of the value of tlic sulphur and iron. 

Sizing. Before the particles of copper minerals may be 
separated from^thc worthless gangue, it is clearly necessary to 
IBtjpce tho ore to a fairly fine state of divijiftn. It is broken up 
with rock-cru^ers, and is uswally then grounel in mills. No method 
of grinding gives a prtxiuct of uniform grain-size, and since the 
concentration of very fine jxiwdcr is a'different problem fftim that 
of a coarsely cruSiied material, it is nocess&ry to classify the product 
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according to the size of the particles. Jcreens or cylindrital 
“ ti'ommels ” can hrf employed to separate all.particles eseeedSig 
a certain size ; the particles below this size drop out ^irough the 
jM-rtoratioBs into receptacles placed below. ^ • 

But for grading the finest particles, screens and sieves are not 
suitable, and advantage taken of tho^fact that coarse particles 
sink in water more quickly than fine particles. In the most 
primitive form of the settling proceSs, the powdered ore is stirred 
with water, and the mi.vturc i.s\llowed to stand in a tank. Aft^ 
a titiie, the coarse jiarticles will be found at the bottom, whilst 
most of the fine particles, having a low “ settling velocity,” vdll 
still be in suspension. In nioilern ])ractice, a eontjnuous system is 
employed.' One form of classifier (see Fig. I) consists o1 a funnel- 
shaped vessel, jirovided with a perforated ])late fl. The pulj) of ore 
and water is run in eontinuously through A ; dresh watef is also 

introduced at a carefully regu¬ 
lated rate through B, and rises 
Ihrougli the perforated plate C, 
finally overflowing at 1). When 
the classifier is working the plate 
(t is always covered with a layer 
of ore partich's, and the velocity 
of the rising water is neco.ssarily 
greatest where it has to thread 
through the narrow channels be¬ 
tween these ore-particles. The 
velocity at this j)oint should be 
less than tho normal “settling 
veloeit}’” of tho coarsest ]>artieles, but greater than that of the 
lighter particles. Consequently the coarser particles are able to 
paasKfownwards through the ])lafe, and come out through E, whilst 
the srrlaller particles are carried upwards, and pa.sa out by the' 
overflow as “ slimes.’’ As'a nde, the term “ slimes ” is applied 
to a .prAduct^ the particles of which are able to pass through 
a “ 200-mesh ’’ screen (of which tho average opening is 0-07 mm. 
diameter). 

ft 

Concentration of Sulphide Ores. Having thus “classified” 
tho irarticlos according tev size, it is jmssible to proceed to “ con¬ 
centrate” the valuable copper minerals occup-ini^ in each of the 
fractions obtained, ‘^hc main methods W concentration depjn)} 
uix)n two factors, ntinicly :— 

’ E. S.Banlwell, Tranit. vlmrr. Ittat. Min. Eng. 46 (1913^, 266 ; R. Anunon, 
Tnnn. Innt. Mm. En^. ^6 (1913), 67J. * 

• » ‘ 
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fl j Gramty. The nie*Allic sulphides are heavier than the pilieakw. 

•This is the principle of Gravity Separation. 

(2) Surfo/re tension. The sulphides will often cling to the oil- 
lilins .suitoimding the lnd>lile.s of a suitaMe ■' froth,” whilst 
the silicates will sink to the bottom. This is the principle 
of Flqtation. ^ 

(1) Gravity Separation. Wilflev tables, and other similar 
atterns of shaking table, are particularly suited for the eoneentra- 
ion of “ sands,” that is for material containing ]>artieies of diameter 
etween 1'.5 and (ll>7 mm. For coarser material, the device 
nown as'the “jig” is generally u.sed, whilst for finer material, a 
vanner ” is em])loyed in some ptaees. These forms of eon- 
entrating i')lant have all be<*n described m the introduction (\b>l. 1, 

■p.’ 122-124). 

The worst featuro’of all separation metliods depending on gravity 
I thSt the coarser particles of gangiie tend to appear in the ecitl- 
entrate along with the eopp(‘r grains simpl\ owing to their size 
-whilst to some extent the smallest ore-particles may remain 
usp(*nded, oeeasitmally clinging to the surface* of tht' water; in 
Ine latter ease the very principle which is usefully employed in 
.otativn is a cause of waste in gravity-separation. 

J2) Flotiition. Separation by llotation is fre from many of 
he disadvantages of graxity separation. Its recent intnulnction at 
tnooonda appears to have been a distinct succe.ss, and tlux ('mploy- 
rent of flotation is likely to hts-omt* gr'iu'ral, not jterhaps as a 
ubstitute for the older metlusls. but ratin r as a HU|)plenientary 
aetluxl for treating the portions for which gravity separation has 
iroved a failure. Thi' plant used at .\naeonda is known as the 
Minerals iSeparation ” type,’ the principle being shown in kig. 2. 
t pulp consisting of the linest. ore-]>artivies (slimi's) snlphurie aeid, 
kerosene sludge-iwid.V" and woihI i-reosote. flows into the ef.n- 
rartnient A and thenci* through II into <' In eai-h compar^umt 
b is cburnerl up by nu'ans of the rot,'ting ]>addles Ih Duiing the 
homing in each compartment much air is suekerl inUv’he noxture, 
.nd the liquid jmsing out into I) separatejr into a. liquid layer 
whiclT flows out through tl) and a froth above it (which jiasstsi 
'Ver the lip E and out through K). If the pro]X)rtions of oils liavc 

leen regulated in a manner suiteri to the ure, most of the valuable 

• 

‘ See T. J. H<)OVt4, " (.'ofUditnitinK Orr-n by ” (publmliwl by the 

Magazine), (Impter IX (101(5 oriition). • 

For the 0 |>crati<^ of the plant oWAiiaeonda, see H. C, H. (.’arjHTiter, J. Hfjy. 

?oc. ArU, 66 (1918), 146. 

•■'Sludge acid is rc‘fuw from the r*rflning^f oil. It contains sulphuric 
cid and some greasy materiftl from petroleui4v’'r~^' Matliewson, Tfctns. 
Imer. InM, Jdin. fl916), f,l9. 
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Huljhido particles are found to have adheyed to the walls of ihe 
froth, whilst most of the worthless silicates pass out with the liquid 
portions through G. The latter portions are treated, again in a 
similar apporattis lor the recovery of the sjilpHides which have 
failed to “ float ” on the firs* occasion. 

One function (possilily iiiot the only^function) ol the sulphuric 
acid commonly added in the flotation of copper pyrites ores is that 
it removes the film of tarni^i which generally exists upon the 
pyrites particles, and which would tend to prevent the flotation 
of these particles.* 

Various other forms of flotation plant - have been employed with 



goo<l results. The Elmore Vacuum process, already mentioned in 
the section 6n molybdenum (Vol. II), has been in operation for 
tin-copper otes in this country. • 

Smeltih^ Processes. The rough table given below may help 
the reader to follow the various alternative processes and their 
different stages. The more usual methods of procedure are indicated 
by full lines; thosft which are rather less commai by dotted lines. 
But he should not regard the tabl| as giving more than a'vlry 

> W..S. Morlcy, Min. Mtt.Mb (»021), 32. 

* F. LaUt and A. E. Wijgin, Tmns. Amrr. Inst, Mf^ Eng. 55 (1916), 488, 
dcacrib# trials made with several tjfporf a4 Anafconda. 
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oftide indication of the.general lines >ipon which the worlds copper 
it^fiusti'J' is carriedr on. * * 



The possible fneans of obtaining cbpper from copper "ores are 
very numerous,%ut tticy mdy bo'classiDed into;— 
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(A) Dry (or thermal) processoH; most/suitable, for sulphMo 
ores. 

(B^ Wet f)r()C('.ssea ; siiitctl (or oxidized «res, and alsosometiuies 
umid for the eertain varieties of Huljilii(Je.- notably jmrtions 
wliieli arc either poor ifi eopper (as at Bio Tinto) or are in a 
very fine state ot division. • • 

• 

(A) Dry Processes bf Copper Production. 

There are two main stages in the smelting of eopper by tliernial 
inetliods ■ ' 

I. The produetion of a “ rtKlttc,” a inixtnre of iron and eopper 
Mulphiiles fairly rieh in einiper. ' 

11, The produetion of metallic copper fryin U'le matte. 

I. The Production of Matte. 

This iTiay bo eondueted 

(1) By a hlaKt-funiacr mrtliDih suitalile for lieh lump ore ; 

(2) By a ni’erbemlart/ fiirmcc method, .suitable for line ore; 

it is also largely used for all poor ore whethei' it arrives 
in lumps or otherwise beea\ise, as already stated, it is 
usually iieccssary to grind it, and subject it to eoi^- 
eentration^ before it is (it for furnace treatment. 

(1) Blast-furnace Smelting. Since the amount of higli-grade 
lump sulphide ore ten^s gradually to diminish, blast-furnace 
treatment is tending to give way to reverberatory proiu'.sses.’ In 
some of the important American (ojiper works (e.g. in Montana), 
the blast-furnaces have actually been closed down. Nevertheless 
blast-firnaee treatment is still of great importance in many districts. 
The object in blast-furnUee smelting is to burn off a portion of tbe 
sul|4nr, and, at the same time, to convert part of the iron to iron, 
oxide, Vfiich will then combine with the silieeoiis matter in the ore 
to form a fu.sible slag, eonswling mainly of iron silicate ; this will 
leave « matte, or mixture of iron and eopper .sulphides, having a 
far higher eopper-eontent than the original ore. By the form»tion 
of slag, two jeparate results are achieved; part of the iron i.s removed 
into the slug, and simultaneously the silieiHUis matter which in itself 
would l)e difficult to molt is brought into a st.ate of fusion. Under 
favourable eireumstances, it may be unneeessivy to add limestone 
to the charge, since %> iron oxide is a sufficient flux for the silijat 
but where the ore.s are very siliceous- «8 in the case jn some of the 
Montana ores—the presence of limestone in the charge is highly 
desirable. , ‘ • 

> Compare Mtn.* Sc.' ^rcA *119 (t919),'*428. 
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Jn the simplest 8ys|e!n of blast-furnacc treatment, the ore is 
merelyjnixed'with a very little fuel, and rfiarged into the Mast- 
futnaee ; the heat-evoh^tion attending the oxidation of the sulphur 
and iron, as well as the formation of iron silicate, is relied up*on to 
maintain the temp?rature of the furnimo. This process, which 
is knowni as the “ pyritic process^” is highly economical 
of fuel, but only works*wcll in ores rich in sulphur, iron and 
free, silica. If the ore eontaflis a large amount of inert silicate 
minerals (as opposi-d to fret^ silica^ a etaisiderable amount of ear- 
bonalTous fuel m\ist be adde-d to assist in maintaining the 
temperatTire ; the ])roeess is then known as the “ partial pyrite ” 
process. • 

The eritieism*has l)een raised against pyritic smelting tliat it 
gi^es a matte* of Jew co|)p<'i‘-(*ltntent. ^I'ht^ elimination of iron 
from tlft! matte is.often accelerated if ])ait of the orl^ has been 
j)reviously misled. The n iiioval of the sulphur aud d he o wd o tw iT 
of the iron in thi . s roasted p ortion being well advaneed befo re the 
ore enters the blast-fiirnara;. tTie jiassiigeTiTiron into the slag ])h!iso 

15 very rapid, .ind a matte containing less iron atid suljdmr and 

much moi'e cop])er than is possible in the smelting of unroasted 
ore ^obtained at the bottom of the fnrnac(‘. On the other hand, 
tjie propoi'tion of fuel must clearly be iricrea.s(|il if roast(d ore is 
included in the charge. ^ 

The true ]ivriti<‘ process is rarely iisc(l at pr<‘sent, idthough in 
Ta.sm.ania it has pro\ed very snccc.s.sfnl, only 1 ja-r cent, of coke 
being needtal in tln^ charge. Hut in mimeflais phus-s. partial pyritic 
smelting (involving the use of over li ]>cr cent, of fuel) has given 
gCKid results, notably in Montana, Tennc.ssce, and South \V.ilcs. As 
an example of the bla.st-furnace tnatment of ore after prelijpinary 
roasting, the smelting of thi' copper-nickel ores of Sudbury may be 
recalled to memory ; ^this was di.scussed in the section on Ri^ikel 
XVol. III). ' ■ • 

Whichever variation of the processes adojitr-d the funnels arc 
almost invariably waU’r-jacketed blast fiirmu-es simdar'io.those 
in use at Sudbury (see Fig. 3). They are commonly rectangular in 
form,* and are usually about^25 X feet at the tuyeres ano about 

16 feet high. In a few districts where the amount of crUiper ere to 
be treated is large, much bigger fimiaiies arc cmployid; one of the 
Anaconda furnaces (no longer sn use) measured 87 feet x 5 feet at 
the tuyeres. The t^yerep consist of a largo timber of iron-pipes 
albout 4 inches in dimneter. Jn Europe round'and elliptical funiaccs 
have been usdB with success. 

^iH^e charge coi^isting of ore, same fuel, and, if necessaiy, lime¬ 
stone, is fell into 4tiD tqp of th« furnace.’ ffhe products an^ allowed 
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to run out continuously from the bottom of the furnace throug|^ a 
spoilt into a settler- -d large vessel sometimes mounted on igheel^ 
in which they separate into two layers the lower layer is ttie 
imuf , and the npjHT one is the slmj. As the coppesr has much less 
affinity for oxygen than irop, the slag should contain but little 
copper; in practice, the skg is usually found to contain a certain 
amount of the valualile metal, which is*largely present as drops of 
matte that have clung to air-bubbR'S entangled in the slag; this 
loss can be greatly reduced liy laroful working. 

The matte; if allowed to solidify—is a bluish-grey or firown 
o|)a(|Uo sulistanee having a sub-metallic lu.stre; at a ft'acture it 

often has a “ bronzy ” appear¬ 
ance. In some Vorks" how'ever, 
ftio matte is jiot pllowed to sbli- 
dify, being conveyed whilst still 
molten in ladles to the converter. 

'The dust carried off by the 
gases leaving the blast-furnaces 
contains a considerable quantity 
of copper and much more arsenic. 
It is commonly caught by elec¬ 
trostatic or other means, and is 
treated afresh. * 

Although for lump ore of high 
quality, blast-furnace smelting is 
satisfactory, fines ciuinot bo 
smelted in this way without pre¬ 
vious treatment, as they w'ould 
either choke the shaft or el.se bo 
blow n out of the furmwe. They 
ari' commoiily treated by a rever- 
bi'ratory furnace, but in some 
districts gix>d results have been 
obtained by nintcring the fines 
by the Dwight-Lloyd process, 
such as has been described in the section on iron (Vol, III)' the 
sinter can'then la; used in the blast-furnace charge. In other 
places, briquetting is used. 

(2) Reverberatory snielting is, however, the process commonly 
adopted to deal wijji idl fine ore, and fs lafgely applied to the 
concentrates obtained by the preliminary treatment of socond-gra(fe 
sulphide ores. The whole of the ore receives a pSrtial roasting, 
which is generally carried out in i. multiple-hearth furnace, and the 
roosted,product is thontnn^lted up,in a rqverhgiatory furnace in 
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wlycb the atmosphere ^ non-oxidizing, matte and slag being thus 
produced- ' , * * 

A multiple-hearth roaster is shown in Fig. 4. The roaster 
is usually 1^23 fact high, and may contain five, six, or seven healths. 
.Rabbles attached to*a revolving ce^itral shaft move round each 
hearth, and work the ore from the centre to the jjeriphory or vice 
versa. The ore is chargeifinto the top^ieaith through a hopper 
at the centre and is worked to*tho periphery, where it falls to the 
second hearth, and thus traverses af the hearths in turn, emerging 
roasttJ! from the bottom hearth. The central .shaft and rabble 
arms are hsually hollow, and are cooled either by air or water. 

In roasting ordinary ores, the. heat^)f combustion of the sulphur 
is often Sliflicieht to maintain the 
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tcnlperature of 4hc furnace ; but Micro 
the sulplTur-eontent fif the ore is low, it 
may be necessary to in.stal an outside 
grate; the grate usually delivers a 
flame to the second, third or fourth 
hearth from the top, and thus raises 
the charge to the tenijicraturc neces¬ 
sary fjr roasting. 

vin the. I'oastcr, a considerable amount 
oiTsulphur is burntaway, the sulphides 
being in part converted to oxides. 

Since the ore does not become fused 
in the rooster, it is jirobable that only 
the outer portions of each grain of 
mineral become changed; \ cry likely 
in this outer portion the cojiper ITe- 
comes converted to oxide just as much 
as the iron. When, , howeve r, the ”* 

masted m e is a lU^rwards fu.sed in the revc rbera lufy^f iiruace , 
ai ^copp '*" j>vid“niavTsTpri^'i^waets ajtli tl ie.iron sidiihidy 
according to some sueh- ri<)uation_as. , * , 



Kill. 4. Miill.iplc-liuiirih 
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CujO + Fe.S ' t'UjH e Fid), 


ttndj the iron oxjdi? eoni biiK-s with Urn siJiti^8_midterjJS.U[LItiXlus 
rafagT^iisj ^ire IcfT ’^tlTcxactlv the same n jiultjuiiia-Uut 
hjiMf,.]h^rnm.R ..prrieeas —bnt~^njiijt^s ' n)*^Kr latter JiX UfcgfiH .thc 
o ration and acltitii; y e more or leHiLJii ii )ultaneou a.-itt-^ 

stages . * 

In Montana, wljcre the reverbesatory. process has developed on 
progressive lines, «|*renjely loqg reverberatory furnaces arg used ; 
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100 feet is quite usual, and one Anacon<^ furnace is 112 feet in 
lcrij;th. The width ft often about 20 feet. Tlje furnaces are fairly 
low, the form being shown in Fig. 5. 'flio flames from*the 
ond'tr over the charge spread over the floor F, and pass out at the 
end E; the waste heat of thf emergent gases is utilized in raising. 
stf»m in boilers. Originjilly these funjaees were fij-ed by ordinary 
coal burnt on a gi'ate (not shown) jdaced at the end G ; now they 
are gwierally tired by pulverized eftal,* a mixture of coal dust and 
air being forced into the furnJee, through a series of tubes T; the 
coal-dust is sup])lie(l to the furnace by an ingenious system of 
screw conveyers, In Arizona'•' and in other States, rovVrberatory 
furnaces are iired by oil, whi'h is injected through nozzles placed 
at the end G. ‘ 

The furnaces are eharged witlf roasted ore„ whh-h is introduced 
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5.—Long Heverboratory I’urnaco firod witli rulveriztd Coni. 


through hoppei's 11 into the hottest jiart of the furnace, close to the 
firing end. Commonly il is added in .small quantities, but at frequent 
intervals; each small charge (|ui(d<ly melts and subsides, mingling 
with the already molten material on the hearth ; when the whole 
is molten, the furnace is rftwly for another small charge. By 
adding the roivsted oij) in small quantities, it is possible to avoid 
sr'jiftus lowering of the furnace temperature during the melting 
proenss. In some furntu'cs, slag is skimmed from the end E every 
four hours, w.hilst in others it is allowed to flow out continuously. 
PortioifS of the matt<! are run out into ladles at infrequent intervals, 
and are taken still molten to the converters. The furnace is, however, 
never completely emptied, except on ix-casions when extensive 
repairs t6 the lining may be nreessary. The process is thus 
practically continuous. 

The advantage of koi’ping the furnace always partly full of matte 
is that the life of^tho siliceous lining ^ grtatly prolonged. The 

> R. K. H. Ponwroy. jVrt. (Virm. Eng. S2 (1920),'347 i.E. P. Maaiowwm, 
Eng. Min. J. 100 (1915), 45; O. de Vonuiicourt, Erv. Met. 17 (1920), 2; 
W. Bosehors, " Metallhutten ladrielrA," Vol. II (1917 edition), p. 48 (Knapp). 

* F. N. Flyim, Trane, .iguir. Inet. Min. Eng. 55 (11^0), 805. 
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^owd mtitCe hs« no cor < live action uflon the lining, but freshly 
roasted are, if hea{s.'d directly upon the furnaee-lMittoni, would 
rapfdly attack it. Furthnniore, if the furnace were to he ooniplctely 
emptied whcrtevfr it is tapped, the eonsiiierahle changes of 
ilomperaturc would lie likely to cause serious disintegration to the 
brick-work. 

II. Production of Metallic ('op,tier.. from Matte. 

The matte, whcth<T prodncesl in a tuast -furnace or a reverberatory 



Klo. 0.- ll(S'ie)nUil (.'oiivcrtcr. 


eliminate newt of the siiljihur and iron by o.xidation. leaving tlie less 
oxsdizabli^ co))pcr in the niclullic state. Tliis operation is generally 
caned out in a converter, (.'onverters of iin ;iy diffen'iit shajH'S 
have been designed for use in eop|KT works, but they can l)e assigned 
to two main tyjics, nainelv, the hnriziiiUnl type' (Kig. <>) and the 



Flo. 7.—V' r .VjnvertcT, 


v^ical type* (Fig. 7). In both forms, the coift'crters are mounted 
BO that they dan be tilted at will intf) the positions suitable 

* B. de Saint-Seine, Jit-v. Afet. 11^1914), 145. 

•M. W. JJwjei.^ng. M:n. J.-10* (tgl7), 669. 

M.o.—vtfr,. IV. ' 
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respectively for charging, blowing and pownng the charge, and^re 
firtied with a series <ff tuyeres by means of wljich air can Ih* forced 
througli the molten matte, , ^ * 

i?t one time, the converters were lined with silica, but this material 
was found to bo (juickly attacked by the iron*oxide produced in th^ 
“ t)low,” and rcfcjuired, frequent nqjlaeirig. A^out 1900, the 
magnesito-lincd conv(!rter was introduced, but magnesite proved 
liable to rapid mechanical wear at flic tempr-raturo of tho convertor. 
However, it has been found jAssiblo to produce upon the magnerite 
lining, a coat of magiudie iron oxide, whicli ])rotects tho n/Sgne.site 
itself from abrasion.' This coating i.s obtained very*simply by 
omitting to aild any .silieeetis flux to tho charge on the occasion 
when a fre.shly lined converter i.s used for tins first tfmo; in the 
absence of silica, the iron present in lh(\ nijttorflocs not form a 
fiisibh! slag, but is (humsited as a coating uM nf usible* magnetic 
oxide on the lining. The coating, once produeeiL will last for a 
longTinuraTuTei^if it wears thin, it can be reninved when desired 
by blowing a .single charge of matte without silica. By these 
means, the (li|Iiculties connected with the lining of a converter 
have been overeoimi eimipl^gly, 

Thejiroceduro ot " coiiverting ” i.s as follows. The egnverter 
is lilted with molten matte, and the blast is turned on ; the oxidation 
of both sulphur aqd iron coniinences at once, and the heat produced 
is more than sullicient to maintain the temperature of the vcs.sel. 
The sulphur burns away as sulphur dioxide gas, whilst tho iron 
passes to iron oxide, anil i.s slagged away by .siliceous material which 
is also added (e.xcejit as exjilaincd above-in the ease of a fjfshly- 
lined conveiier). As in the Be.s.semor process ot steel-making, the 
eolopr of the flame alTords laluable information regarding the 
progre.ss of the oxidation process,- So long as the tlaine is green, 
Ukb elimination of iron is continuing. .When the green colour 
begkis to fail, the .slag is poured away ; tho contents of the converter 
now consist, mainly of cuprous sulphide, and it is necessary to 
coiitinuc tho blowing until the. sulphur is mostly burnt off. The 
colour of the tlamo is now reddi.sh purple, tending to become bluish 
as the operation approaches eomtiletion. The progress'of tho 
operatioii is also judgisl by the character of the particles of metal 
shot out from the mouth. As soon as the fm-nace-man judges that 
the process is complete, the comvrter is tipped up and the charge 
poured. Tho copper produced conta'ns much sulphur dioxide. 


' A. E. Wlieclcr anil M. W. Kroji i, Tram. Amtr. Intt. Nin. Eng. 46 (1813), 

6 « 2 . 

•D. M. lawy, Tram. M. .Uili. Mrl. 20 (1910x11), 117, gives colour 
photographs illustrating .11)0 tianio at .dihorent, staggfx 
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wl^ch ia liberated at f,*-e moment of solidification, the evolution 
causing ^ blistered ^)]K'arance on the solid nfttal, which is known 
as “ blister-dopper.” 

Blister-cop|X'r is still too impure to 1)0 of any practical use, and 
js generally further refined in a sinnll reverberatory furnace.' 
The essential refining (HKTation consists in blowing a blast of air 
through the molten copper, by means of an iron pi|K‘, the open 
end of which is iiushed just below the surface of the molten nu'tal. 
It is likely that the cop|X‘r itself is momentarily oxidized, but since 
cuprou,, oxide is soluble in molten eop|K'r, it remains in the metallic 
jdiase, and serves to oxiilize the more reiu tive elements The chief 
impurities, iron and sulphur, are <*idizi‘d fairly readily; the 
former, being non-Volatile, collects on the surface as a slag and is 
skintmed oil; other impurities, iike arsenic, are only partially 
removed. tVVhen the o.xidation of the main impurities is sullieicntly 
complete, the eo])per cont.iins a great deal of di.ssolved ctiprous 
o.xide, and if it were allowed to solidify without further treatment, 
it would Ih! very brittle owing to the production of a copjxir- 
cuprous oxide euteetie between the grains, 'riiereforo some 
deoxidizing treatment is always neede<l. The method know'u os 
polingj which is still largely em])loyed, consists in plunging poles 
of |;reen wood (preferably Ix'eeh or oak) into tlie molten metal. 
'This cau.ses a vigorous evolution of gases with strong reducing 
jirojHTtii's, which convert the dis.solved cuprous oxide to the metallic 
state. Poling must not be eonlimied too long, since excessive 
poling will again render the metal unsound {"' orerpoled"). The 
progress of the poling operation is controlled by a man who takes 
a small sample of the metal from time to time in a ladle, and notes 
the kind of surfiwe jirixlueed wheii fhe sample solidifies; iiudcr- 
polcd cojiiKT has a concave surfiu'c, correctly polls! copper has a 
“ full ” round surface slightly WTinklcd, whilst overpoled copjs'f cs 
convex, and often “ sjiews ” or “throws a worm.’’ The fracture 
also Ls an indication of the progress: -tindcrpoli d oopper has a 
brick-red inter-granular fracture, due to the presence of enpgius 
oxide between the grains, whilst the fracture of correctly ooled 
copper Is bright and silky. Correctly poled copper is said to be at 
tough pilch. * 

The unsoundness of overpolcd copper is probably partly due to 
the sponginess caused by bubbh‘»of the reducing gases, and partly 
to the presence of hydrogen dissolved in thejnetal. It is also 
faiily certain that traces of sodium occur in* overpolcd copper, 
derived of coursfffrom the sodium salts of the wood. This has not 
been shown conclusively to be an important cause of brittleness, 
*L. Addiii^, JM^. Ckyr Eng. 17‘(1I17), 879. 
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but it is an interesting fact that copper wl|ich is made a cathode in 
a bath of fused sodihm chloride, becomes quije brittle, apparently 
owing to the entry of sodium into the .metal,* , " 

Attempts have been made to use other reducing agents instead 
of wood for d(!oxidizing copper. Poling with oil has been tried,, 
but has not proved altogether satisfactory. In vio^ of the growing 
warcity of suitable wood in copper districts, such attempts are 
likely to bo renewed. Other deoAdizing agents, which are added 
to copper ju.st before casting ^to remove the last traces of cuprous 
jxide,'may also be mentii med at this iK)int. Phosphorus (added as a 
3oppcr-phosphorus alloy), zinc, manganese and aluminium are the 
best known deoxidizers for «topper; but all of these, if added in 
slight excess, decrease the electrical conductivity of the material, 
it is stated that boron i.s free from this objiictioji. It is usually 
introduced into (^oj)per in tin; form of the so-called boron Suboxide.* 
Phis raat(!rial is made by the reduction of boron oxide (BjOj) with 
rnagneaiuni, care being taken to have, the boron oxide, and not the 
magnesium, in excess ; the “ suboxide ” probably consists of boron, 
holding a little boron oxide in solid solution. 

'/Alternative Methods of Converting Matte to Crude Copper. 
The production of cojiper from matte in the converter is "not, in 
every respect, iiftal. A great deal of the valuable impuritiestarc 
liable to be lost and. the amount of co])per shot out of the converter 
is considerable. In some districts a less violent, and more easily 
regulated, proce.s8 is j)i\"ferred. One old method which has survived 
in South Wales, and gives good results where a matte rich in copper 
and low in iron is available, may bo referred to. It consists ol 
packing pigs of this matte.(locally known as u-hite metal) in a 
revei'beratory furniu'e, where they are heated rather gently in a 
strpngly oxidizing atHiosphero. By the time the pigs are beginning 
tfJ melt and flatten out the surface is eoviied with a thick blanket 
of chprous oxide. The furnace is then heated more strongly, thr 
e.xcess^air being shut off, arid the whole charge is fused ; the sulphide 
and oxide reiud, producing metallic copper, 

2Cu,0 -e CujS = 6Cu -i- SO,. « 

It is usual to conduct the operation so that only a portion of the 
copper is converted to the metallic form on the first melting. The 
product tapped from the furnace separates into two layers, the to| 
layer consisting oijunohanged matte, and the “ bottoms ” oonsistinj 
of metallic copper. The advantijige of this prexjeduro is fiial 

' H. S. Rawdon aad S. C., Langt^'on, Min. Mei. 158 (1920), 34, 

• K. Wemtraub, /nd, 7 (1909), 609; Mtt. Chem. Eng. 8 (1910) 

029, ’ a * * . ^ e- V 
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prfttically all the valu'ablo iinpuritics, sucli, as gold and silver, 
collect ifi the metalKo.ithase. The matte or “ tops ” can then bo 
subjected to-a second treatment, and finally yields a copper which 
is singularly free from impurities. This is of the cpiality known as 
Best Selected Cop|X“r'’; it contains about 09-7 i>er ci iit. of copper, 
which is unusually high i<: a metal which has not been refined 
elcctrolytically. 

Limitations of Therinally-Ro'incd Copper. The copper 
pi'oduccd by refining only in a fnrimee is pure enough for the 
manufa< tu>'o of sheets, tubes, jilatcs, and soino alloys, but it stilt 
contains many iinjinritios, whii h lowy the electrical conductivity, 
and modify (not* always adversely) the meehanical projierties ; 
the effect of dilTerent impurities iv, discussed in a later paragraph. 
A very large iirojiortion of the thermally-refined copper is sent 
to the electrolytic refmeiv. 

(B) Wet Processes of Copper Production 
In the tr'atment of jioor cop|K-r ores (or the tailings obtained 
after the (smeentration of richer ores) it is often advantageous to 
leach the wliolo mass with a solvent' such as snljihuric acid— 
with a view to exfiaefing the copiior from throeghout the mass; 
the copper can then be obtained from the solution in metallic form 
either by ' 

'.!(() Electrolysis 

or (2) Precipitation by iion. 

In the electrolytic method, the acid is regenerated during eha trolysis 
and can afts'iwards be emiiloyed tojeaeh fresh ore. 

Oxidized ores are particularly .suited for wet metallurgy, since 
they can usually bo leached without roafiting. Suljihide ores 
generally refpiire a roasting either with or without salp- so as .o 
convert the cop)« r to a form which is soluble in water or at 'feast 
in dilute acid. The principles of wet rtictallurgy arrr very simple, 
but there are many jiractical diflieulties. .SiH-cial pipldemi- arise 
where failings are being dealt with, owing to the. volun iuous 
character of the prtsluct to be leached, the difficulty of separating 
the copper-bearing solution from the slimy mixture produced, 
and the large amount of water needed to ryajh out from the slimes 
the considerable amount of cofipcr-ticaring solution which they 
ncqpssarily retain.* * 

(1) Electrolytic IVfethods.* In the important copper deposits 
of Chuquicamata (Chili), most of the ores at present being worked 
arc of an oxidized* character, the main*mineral being the’basic 
sulphate (bipchantift;^; (ho ora is usually fo&nd mixed with soluble 
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salts, such as sodiunj chloride, and eomoti?nes nitrate. There & a 
little basic copper chloride (atacamite). ' . 

The brochantito is readily soluble in dilute .sijlphutic acid, and 
can thus be separated from the largo amoust of insoluble gangue 
material by leaching. On ac?:ount of the ea.sy solubility, very fine* 
cniahing of the ore is not needed, and thS ore is therefore particularly 
suited for wet extraction. The protess described below is conducted 
in a large plant built at rhuquUamata about 1914, and is understood 
to work well.' , ' 

The ore is crushed to give pieces of about J inch diamcier, and is 
then leached with 8-9 per^e(uit. acid in tanks of asphalt-lined 
concrete provided with a false bottom. In this wsiy a solutiojl with- 
5 ])er cent, of copper di.s.solvedtas sulpFate,.aJid still cfMitairwrg 
2-3 jH'r cent, of free acid, is produced. ‘ t 

'I’lie solution, however, always contains sodium chloride, .and if 
electrolysed directly such a solution would yield copper mixed 

with itisolublc cuprous 
chloride. It is therefore 
freed from chlorides by 
being passed through 
copper shot, contifined in 
revolving drums; tSiis 
treatment precipitates 
the whole of the chloride 
ns eui)rous chloride. In 
order to free the .solution 
Km. 8.—J)orr Conliniioua 'niiokencir. from the cuprous chloride 
" and any other matter in 

susjMdision, the cloudy liquor is pas,sed into a scries of Dorr eon- 
tiiwous thickeners (seo Fig. 8), which consist of circular tanks 
provided with inclined revolvhig rakes. The cloudy liquid is f«d 
in by means of the launder A ; the suspended material sinks, and 
is gradually pushed by the' rakes as they slowly revolve to the 
cenfral discharge jaiint B, whilst the nearly clear liquid overflows 
through C! The thickened slime discharged througli B ist filter- 
pressed, m as to recover ns much a8 possible of the copper-bearing 
liquid. 

After removal of the insoluble njntter, the clear solution is ready 
for electrolysis, which takes place in rec^angjilar asphalt-lined 
concrete tanks (a suitable size is 19 X 3 X 5 feet). The cathodes 
are thin sheets of eopper, which are themselves prep».red by electrical 

' H.*C. H. Carpenter, J. iifey. 5or* Arte, 66 (1918), 161; C. A. Koee, Sng. 
Min. J. lot (1916), 321 A. Cappe’iu Smith, 2Vpne. Amer. Elixiroehtm. 
See. 35 (19H), 193. 
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deposition. The anodot in the original plant wt'n^ of magnetite, 
made in Germany ; but ns the war soon shut (fff the supply, anodes 
of ” duriron, ” (a cast-inai rich in silicon) were inatalltHl in their 
place.^ Duriron lias proved in many ways a satisfjvetory anode 
•material, and is said to reai.st corrosim fairly well; but, t>wing to 
its high overpolential, a rrther higher E.M.E. is needed for each 
cell than when magnetite is used ; tlie excess of energy thus supplied 
reappc'ars as heat, and the .s>lidions,may actually reipiire artificial 
ccoling when duriron anodes are employed. 

In each cell there may tas 1)7 vertical eathoih's separated 
by 36 anodes. A largi^ number of cells are jeaned in series, so 
that a eom|)araijvely high K.M.F. (•hn 1 m' ai)plied to the whole 
series. One particular tank-house contains 4St) cells arranged in 
5 (doctrieal circuits,, with !)(> cells in .series in each circuit. Tho 
tanks are also eonneeted with pipes so ns to form 30 solution 
circuits, each consisting ot 16 cells. The soluti(jn floas continuously 
through the t.inks in a direction at right angles to tm^ eleOric 
cun'cnt (as shown in Fig, 0, p t7) ; it enters the tank-house with 
.') per cent, of copper and only 2 3 )ht cent, of fr«! acid, and leaves 
it with only I d per cent, of eo)i])cr and as much ns 8 -ft per cent, of 
free aekl. This spent acid liipior is ])uinped back ipto storage tanka, 
nr*l is subsequently used to leach fresh ore. /■' 

I'ho cathodes are removed jieriodically, being rejilaced by fresh 
thin copper sheets ; the tinished cathodes which have been removed 
are afterwards melted down. , 

sTho ]>roeess as oondic ted at C'hiiquieamata is practically con¬ 
tinuous, the solutions being m.ade to flow round tho circuit indicatiHl 
lielow. The iron pija s joining the t.'^nks are lined with lead, whilst 
the pumps ni'cded to rai.se the solution to ttic storage tanks wre of 



• * • • 

' M. de K. Thoratiscgi and T. C. Atchison, rnmo. Atner. EUcivchem. Soc. 

3lf(1917). ai3. ^ T 
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As tho ore consigte of a basic sulphatcf not copper oxide, the 
anfount of sulphuric^ acid regenerated during, electrolysis is nrore 
than enough to replace any accidental .wastage tha^ may odcur 
during tho circulation. Consequently it is unnoeessary to supply 
acid for the process after it,is once fairly started. Indeed, it is* 
possible periodically to discard a portii^n of tho acjil liquor (which 
may lie feed from copper by long-continued electrolysis before 
being thrown away). This fact is t)f great importance; if it were 
not for tho possibility of cUsiJarding portions of tho liquor fropi 
time to time, the solutions would become foul after lifhg use, 
owing to tho continued accumulation of inrpurities sucli as iron, 
which are not precipitated wiUi the copper, but wliicli -if present in 
largo amount- would interfere with the (uivrimt efficiency. This is 
one reason why (dectrolyti(' reduction in thili Ijaa jiroved successful 
whilst many attemj)fa made in other countries have failed. 

Large quantities of oxidized ores also occur in Arizona, Utah and 
Montana; in these States wet extraction has been practised by 
methods* on the whole similar to those employed in Chili. But 
many of tho ores of tho districts mentioned contain copper as 
sulphide, and require, roasting before they can be leached with 
dilute acid. It is usually more profitable to subject these sqlphide 
ores to a concentration process, and then to smelt the richer portirjps 
by the dry metaiyirgieal processes which haie been d(‘scrihed 
above; tho “ slimes tailings,” however, still contain a certain 
amount of copper, and at different times--especially during the 
recent war when the demand for copper was high—the question of 
tho recovery of this copjrer by leaching has been investigated. 
The tailings can 1)0 dried, roasted in a multiple hearth furnace, and 
tho rqasted portion leached with dilute sulphuric acid, giving a 
solution which can bo electrolysed to yield copper. 

lltfon o.\idized ores are soimdimes roasted before leaching, so 
as to convert tho iron—as far as possible—to a form of ferric oxidS 
which is undissolvcd, or only slowly dissolved, by acid. The 
prosopco of iron in tho electrolytic cell greatly lowers tho current 
efficiency, because the iron is alternately oxidized to tho ferric 
state at the anode and then reduced, again to the ferrous state at 
the cathode, ciu-ront being thus expended in a manner which 
produces no copper; furthermore, tho ferric salts have a corrosive 
action upon the copper already deposited on the cathode. By 

* For further ilot-ails, lee <T, Irving, Ei\g. ilfin. J. (03 (1917), 932; A. L. 
Walker, Eng. Min. J. 105 (1018), 94 ; L. Addicks, I'ram. J^tner. Electrochem, 
Soc. 28 (1915), 5? ; R. R. (foodneh, Trann. Amer. Elecirochem. Soc. 25 (1914), 
207; U, AdiUcks. Met. Chem.,Eng. (1016). 628; N. S. Mackay, BuU, 
Amer. Inst. Min. Eng. 153 (1619), 1929. See also gonofal diecussioa Trans, 
Aner. JB^setnehem. Soe. 2?Ilt>16); 35-70., • V 
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cakining tlio ore at a faL ly high temperature, it ia possible to render 
most of “the iron ingoluble; but even if onl^ a small amohnt’of 
irorf is extracted during t}io leaching of each batch of ore, the iron 
will gradually a<^uinulafe in the liquor, since—\inlike copper— 
<it is not deposited on the cathode. Thus, unless it is jawsible (as at 
Chuquieamata) ^to discard periodically a portion of the liquor, the 
solution will become fouler and fouler, and the current efliciency 
lower and lower.' It is notcworftiy that the elicct of iron in lowering 
tl^e current efficiency is very much le.s’ pronounced when aluminium 
salts aA> prt'sent in the solution ; ^ but probably the best way to 
secure a go(xl curi'ent efficiency from a solution containing iron is to 
saturate it uitb sulpbur dio.vidc (di^cil fnuu the roasters), thus 
reibicing the iron to the ferrous condition. 

In Arizona, ksid appears to be preferred ns an anode material ; 
a lead afiode quickty becomes eo\ered with lead ]>eroxi<lc,.and 
after this suffers but little corrosion in a sulphate bath. In some 
of the earlier American jiroee.s.ses, carbon anodes were employed, 
but were found to become badly disintegrated in a sul[ihato 
solution. It is v.ortby of note, however, that disintegration only 
occurs when gaseous oxygen is being evohed at the anode. VVliero 
a solutjon eontaining iron lias been treated with ^nljilnir dioxide, 
aiijl the iron jiresent is consequently in the feriwns .state, then— 
as long as the only anodic action is the reoxidation of the iron to 
the ferric condition—the disintegration of a good carbon anode is 
negligible. 

The Ijiiszczinski process, wliieli was in operation before the war 
in a comparatively uninijiortant copper-field in I'oland, appears to 
have met the diflienities of eleetrolvtie eop|KT-e\traclion in a way 
entirely suited to the ores to be treated.-' The line ores -which 
contain iron and copper sulphide are mixcrl with ja-r cent, of 
clay, and made into brq(iiettes which, when dry, are ijuite jiorftus. 
They are roasted in a small furnace, at siieli a temperature ih&t tho 
copper is converted partly to sulphat^- and ]iartly to.exide whilst 
the iron is converted entirely to ferric oxide. Strongly heated fprrie 
oxide js—as is well known -almost undissolved by acid. Con¬ 
sequently when the roasted lyiquettes are leached with suljiliuric 
acid, a copper solution comparatively low in iron is obtaiited. This 
is electrolysed between thin copper cathodes and lead anmles; 
the lead anodes are onckiscd in*elo8c-litting bags of cotton cloth, 

• • f _ 

* Interesting curves showing tho romarkablo effect sf iron in reducing tho 
current efficiency sro given by P. it. .Middleton, Mxn. Sci. I'ress^ 119 (1919), 

149. 

*L. Addicks, Trani. Amer. Ekdrocl^m. Eof. 28 (1915), 73. , 

• Timtt Bng. Hupp.’htay 13 (1908). W. Stoegor, Bledrochcm. Ind. 4 (1906), 

368; N. Fit^hiko£C,Vnin« Soc. * 09*8), 74. s 
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which prevent them from disintegrating, afid no doubt reduce te 
minimum the diffusion of ferrous iron inwards.to the surfafce of th 
electrode, and the diffusion of ferric iron outwards into the bodi 
of the solution. Thus th(^ current efficiency is‘quite high—ovei 
90 per cent. Tlio lead iiecomes covered with i)eroxidc, but is nol 
further atta('ked. • • • 

“ (2) Iron Precipitation Processes. Wliere a little coppei 
exists in the jiresenco of a j'cry much larger quantity of iron 
it is generally preferable to obtain it in the metallic fy^rm IJJ 
precipitation with a less noble metal, such as iron (in the form ol 
scrap or pig-iron), instead of by the application of an cxtemallj 
generated K.M.F. Siudi ])roces.ses are u.sed in America, mainly foi 
the extraction of cojiper from t%ilings and residues.* In Europe 
however, tlu’ iron precipitation process is emjtloyed for ebtainiiif 
copper from tin? greater poilion of the IS|)anish ores. 

In the Rio Tinto mine.s of Spain, th(^ principal mineral is iror 
])yrite.s, but the ores have a copper-content, of 2 3 per cent. Sonn 
of the ore is treated on the sjiot, but much is exported to England 

A somewhat primitive process ^ has long been in use in Spain, 
By mere exposure of the minerals to the combined action of aii 
and water tlufy beeonn? oxidized, the sulphides of iron and Copper 
being converted ?o sulphates. This oxidation, far from requirfcj! 
the external a])i)lh4ition of heat, actually develops so much heal 
that there is a danger of the heaps of wet ])yrites catching fire. 
'I’he production of llamei: is, however, to bo avoided, for it is desirable 
to convert the copper to the soluble sulphate, whereas if the heating 
were too strong, an insoluble oxide or basic sulphate would probably 
bo formed. If the soluble sate of iron and copper be periodically 
extraded with water, it is po-ssible to liberate all the copper in the 
melgillie state as a dark spongy precipitate by the action of scrap- 
inSi or pig-iron. However, the solution obtained from the roasted 
ore generally contains ferric sulphate, and consequently a certain 
anumnij of iron wo\dd bo consumed in reducing this to the corre- 
spontling ferroiis salt. For this reason the solution, before the 
treatment with metallic iron, is treated with fre.sh ore, which is 
capable of, bringing about the reduction of the iron to the ferrous 
condition. 

The process is conduoted in tho^ following way. The ore to be 
oxidized is piled up in big heaps upon flat gnountj, rocky or clayey 
soil being chosen Ih order that the soiutioij produced may nol 

C 

^ F. Labt And H. \V. Aldrich, Trans. Amer, Inst. Min. Eng. 55 (191S-16), 
806, diKcnM proccHs ah applied ii Montana to tAi^ii^. 

• For further details, ace Orccnavralt, “ Hydr«metsllurgy of Copper ” 
(Moara«-Hmi. • * • ‘ ^ . 
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8o4k into tho ground i?nd bo lost. Before, tho oro is put dowii, 
t>vo series of parallel lines of rough stones are laid dorni, at right 
angles to ea*h other, so <as to form a chess-board pattern on the 
ground; when tfie Lpncral is heaped upon tho top, these lines of 
•stone provide clear channels for the passage of air into the. centre 
of the mass, and also for tlio escape of eulfdiur dioxide. As the 
mineral is piled up, vertical fli^es are also formed at some of the 
junctions of these lines of stcaies. by l|uilding up at (liese ])oint«.with 
stones, and it is mainly by thes(> vertical “elumjicys ” that tho 
sulphur flVixide gas escapes into tln^ air. 'I'he heap's'may eontain 
perhaps 100,000 tons of ore. Distributed over tlie area of tho 
pyrites-heap.'i aroavater-spiinklers, whibh keep the heaps eontinually 
moist with water. I’eriodieally, yiien it is thought that sulileient 
soluble (;opper ?:alt 4ias been formed, a large amount of water is 
scattered on to the’snrfaees of tin In-ajis, and this uater sinking 
through the partly-oxidized mineral, dissolves out the copper and 
iron aul])hates, and runs away by Irenelies at the foot of llu^ heaps, 
bearing the,sc salts in .solution .‘\s aln'ady stated, the. water ruT»s 
off through a bed of fresh ore, by which tlu^ fcuric salts are reduced 
to the ferrous condition ; it then passes into tanks in which the 
metallic copper is preei])itated by pig-iron, or by iron seraj), the 
C(«nplete extraction of the eoj)per respiiring nian^' hogrs. Most of 
the precipitate of s|)ongy " cement ettpper ’ is sent to Kngland, 
where it is melted down and relimsl The method is somewhat 
crude, but is suited to a region w'here eoi*l is dear; there is, no 
doubt, a considerable loss of (uipper iji the ])roeess. 

A largo proportion of the cupriferous ])yrites from Spain is sent 
to this country for treatment. Wln^c the sulplmr-eontcnt is high, 
and tho copjicr-content low, it is often sent first to the sulphuric 
ivcid works, where it is burnt to yield sulphur*dioxide, which is made 
jpto acid. The residue left aft<r burning is mainly iron oxide, 3ut 
still contains suljihur (perhaps 2 (i jier cent ); it contahi.i ftil tho 
copper, as u'cll as any trjices silvar,* present in thr* original oro. 
Tho copper is not in an easily soluble form, and probablw still 
exists*at least it! part, as sulphide. Consequently ihqorc is Imost 
invariably ground and roasterl with salt ladore loac^iing'; this 
treatment, known as chloridizing roasting, converts the copper 
to tho state of soluble chloride, 

Too chloridizing rcgist ts usually carried out in a multiple-hearth 
furnace ; the up^r heartWh are usually heated Jl^ means of producer 
gas, but the gorabustion ofsthe sulphur existing in the charge 
generally maintains the temperature in the lower parts. Tho 
temperature mustmot rise too higH^ 8ince*in that case much iiftoluble 
cupric oxide will ftmaifi in the residuc.l The exit gases f»om the 
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roaster contain hydrogen chloride, whiotf is carefully absorbed, 
th4 hydrochloric aciU produced being utilized in the leashing. 

The leaching is conducted in tanks fitted with sora^sort of false 
Imttom ; wooden tanks lined with fire-bri^k Wiive boca xecoia- 
mended. Some of the hydrochloric acid condensed from the gases 
leaving the roaster is added to the Icaeliing water, jo as to dissolve 
any copper oxide or other compound insoluble in ordinary water. 
When leacihiiig is complete, ^e liquid is drawn off from below 
the false bottom ; the residue, mostly iron oxide, can be drained, 
bri((uett(xl and sent to the blast-furnaces for smelting ,ii(Io iron. 

The greenish solution drawn off from the leaching vats usually 
contains- in addition to copper chloride- -traces pf silver chloride, 
which is moderately .soluble in presence of sodium chloride, ^t is 
treated with a requisite small quantity of sudium iodide, which 
precipitates the silver as the very insoluiih* salt, silver iodide. 
The precipitate is separaU-d by .settling, or otherwise, and a silver- 
free solution is finally obtained. I’his is treated with miscellaneous 
iron scrap in large tanks, yielding a dark sludge of impure metallic 
co 2 )per, which is (Xiriodically collected, drained, and molted up in a 
furniwc, where it usually requires a great deal of refining; the 
main iuii)urity is arsenic.' • 

Chloridizing roasting is also employed in the American copjtcr 
districts for the tre 4 .tment of ores, in ea.sea where it is difficult to 
obtain a good extraction after ordinary (“ sidi)hating ”) roasting. 

Ammonia Leachlmg Processes. Various other leaching 
processes have been used in different parts of the world, in addition 
to those described above. One of the most interesting methods is 
that of leacihing by ammonia.. Ammonia is used es])ecially for the 
treatiuont of tailings in Alaska,where acid cannot be employed us a 
leaching agent on acedUnt of the presence of limestone in the ore. 
Ariimonio-leaching has also been utilized'for the treatment of 
tailing's obtained in the working up of the Lake Superior native 
copper.’ The'ammonia servtw to extract a considerable proportion 
of the copjH'rrflispersed in small quantities through a large amount 
of worthle.s8 material; on evaporation, the solution yields ammonia, 
which is oqrefully condotwed, and a cvrppor carbonate, which turns 
to the black oxide on heating in steam. 

; ^ectrolytlc Refining and‘Deposition of Copper 

E^eiftrolytic Refining. Commercial *eopper obtained by any 

• , 

> D. W. Jones, J. Soc. Chan. Ind. 38 (1919), 365t. 

«H. Hf. Uwronce, Eng. Mig. J. 1P4 (1917), 781; L. Eddy, Afefc Chan. 
Eng. 20 (1919), 328. . . * 

• L. Ss Austin, Min. Ind. 28 (1919), ‘iM. ' * . 
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of -the thermal processte discussed above still contains traces of 

other eUments.* Thfse may include— • * 

• 

(1) Non-ntUalli^ bodies, such as sulphur, selenium, tellurium, 

and either oaygcn or hydrogen (according as the copjwr 
has boon underpolod or ovefpolod). 

(2) Comparatively no6Ze*metals like ^Id, silver, bismuth and 

antimony. • 

(3) Moderately reactive metals l|ke lead, arsenic, iron, 'zinc, 

• . nickel and tin. 


The electrical proia'ss of copper-refining makes use of the ditfercncc 
in the elcctro-ehepiical behaviour ot tl»se various elements to secure 
a separation. 

The refining ’ is usually carrieeT out in wooden tanks linetl with 
lead, 'file copjjer t» be re.fined is east into thick slabs (abotit 3 f(!Ot 
;< 2 feet X li inches), which are enclosed in cloth bags, and hung 
up in a vertical position in the cell. Between them are j)laced 
cathodes of the same area, composed of thin puri^ copper sheet. 
The (ioctrolyt( 's a copper sulphate solution (about 10 jrer cent.) 
containing 0-13 per cent, of free sulphuric iioid, the main function 
of wi 1 i 4 .il is to increase the conductivity of the solution. A trace of 
hydrochloric acid is usually maintained in the hatli, which serves to 
jiKs ipitate any silver wiiich may pass into soyition. The anodes 
and cathodes arc placed alternately about 2 inches apart, or less; 
there may be, perhaps, twenty-three cayiodes and twenty-two 
anodes in a cell; alt the cathodes are lici tiically connected to one 
another, and likewise all the anodes. Perhaps three hundred or 
more of thesi' cells are placed in scries ; the K.M.F. required to 
force the current through the wlmle series ot cells, wiiirji will 
amount to 100 volts or more (allowing 03 volts per nil), can then bo 
|irovided economically, by a dynamo. *0 

Copper enters the .solution at the anodes, while a simila.'' amiount 
of the same metal will bo depositee^ on the cathodes. A certain 
amount of jiolanzation wcurs at both electrodes, and the |fotpntial 
at thg anode is suflicicntly elevated to cause the dissolution, not 
only of copper and the restive metals, nickel, iron, lead and 
arsenic, but also part of the antimony and bismuth. Hbwever, the 
comparatively noble metals, silver and^gold, together with the 
non-metals, selenium and tcilutium, are not dissolved anodicaUy; 
these elements, togetlier with part of the antimony and bismuth, 
will remain bejjind ah an insolpble slime in the bags. Of the metals 
anodicaUy soluble, lead is at once precipitated, as lead sulphate, 
by the sulphuris acid present,* whilst antimony and Msmuth 

' See ^1*0 A. Jk^Iiuand, ‘'Applied EldctAxliemiatry ” (Ahiqld). 

« 
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gradually separate out as basic sulphates or hydrated oxides. .Of 
the metals remaining in solution (copper, arsenic, fiickel and iron) 
copper is the most noble. Consequently it is depositts^in an alitiost 
puns condition iqion the cathodes, oven wlion the other three metals 
hav(( accumulated to a (s)ii,sidcrablo extent in the bath. Thu 
potential at the cathodp wll not- in general j)raetice—become 
Hulfioicntly depressed for the electrical precipitation of iron and 
nickel, hut the cathode product 'often contains a little arsenic, 
togiither with traces of hiad tnd antimony, the precipitated sal^s 
of which are not completely insoluble. It may also contarn traces 
of sul()hur, zini^ and iron ; but this is due to the entrapping of 
small amounts of solution iiUhe |)ores of the metallic deposit rather 
than to true co-deposition.' ‘ 

Since a solution of eojipi'r shlphale is hej^vier than water, it 
follows that the heavy layer of oopper-rieh solution jirodut-ed along 
the surface of the anodes will tend to sink, whilst tlu^ eo])jH'r-poor 
layer jirodueed along the cathode will tend to rise; thus unless 
sonu' stiqis are taken to couiiteraet this effect, we shall finally get 
the lower portions of the solution in tlii! tank much stronger in 
copper than the upper jiortions, with the result that unevenneas of 
deposition will occur. This is jircvented by “ circulating ” the 
electrolyte, that is by causing it to flow from one cell to anotJ|er 
through pipes joining th(3 dilTerent tanks. Where there are several 
separat(3 rows of cells joined electrically in series in the refinery, it 
is a common practice to arrange the separate rows in tiers, each 
row being raised a littlli above the level of the ne.xt. The liquid 
then (lows in ])ipes in a direction at right angles to that in which 
the current is iwissing, as indicated in Kig. !). Having reached the 
bottom ti(3r, it is usually pum|led uj) to storage tanka at the highest 
level, and is thus rearly to doseend through tin: various colls once 
111 ^^“." 

Byj allowing tlu’ liciuor to pass through cells in the inanneV 
suggested («< oght angles to the direction of the current), it is possible 
to avoKl the wastage of current by leakage through the pipes, 
whioK wotild inevitably occur if at any point two cells in scries were 
joined by a 'pipe. 

Since Hit) liquid in the cells gradually becomes fouled through the 
accumulation of arsenic and other impurities, portions are period¬ 
ically diverted to special *’ regenerating cells,” where the whole 
of the metal (inclrgling the impurities),is deposited on cathodes, 

* L. Addicks, Trans. Afner. Kkctrocht:m* Soc. 26 (1914), 

* Various devices for allowing tho liquid to enter and leave the cells so 
aa to keep tho coneontratioii <unifonf., and also for preventing overflowing 
are deacribed by B. Blouii|[t ‘11'ractical ^lectrocjicmic^y " (Constable). 
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insoluble (lead) anoiles being employed.* The Hrat portions of the 
copiXT dppositetl in the regenerating cells arerfairly pure, and ibis 
a luH unusuijji practice to manufacture in th(> regenerating cells the 
thin copper cathodes required for the main refining eells. The last 
;part of the metal de|KJiitod in the regeyerating celts i.s a very inipuri' 
sludge, which is returned Jo the smeltc);; in this last stage of 
dojKisition arscunc is often evolved, to some extent, as the poisonous 
gas arsine (AsHj), and it is thefefore a good ))ractiee to place the 
rMcnerating cells in the open .air. 'Aie liquor is aflenvanls boiled 
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and cjraporated; nickel salts arc deposited, and aye seji .rated 
from the hot liijuid, whilst ssslium salts arc usually deposiUsl on 
cooling. The remaining liquid, now I'ontaining little dissolved 
matter except sulphuric acid, is returned todho electrolytic refining 
tanks. , * 

The current clficiency of cojiper refining is qbiially high ®: 92-95 

* L. Addicks, JITcl. Cliem. Eng. t6 (1917), 687 ; F. It. Pyno, Eng, Min. J. 
98 (1914), 432. 

' L. Addicks, Mel.,Chem. Eng, 16 (1417), 2% Compare K. 8, Guitorman, 
Eng. Min. J. 98 (19^4), 3J8. 
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per cent, is often obtained. It will, of coftrse, be reduced if much 

irdn is present, or if the evolution of hydrogpn is allowed to take 

place at the cathode. The small value,of the E.M.p. needed for 

each cell is due to the fact that the “ critical E?M.F. ” of the cell 

( 

Cu I 'CuSO, I Cu 

1 

is zero. No chemical work i.s done ; the copper is merely transferred 
from one place to another. *■ 

It will generally prove profitable to use the maximum current 
density consistent with the production of a good deposit?"in spite 
of the extra voltage per cell re<(uired to force the high current 
through the liipiid. In America, the cunent ejensities employed 
have risen to nearly 20 amps, per square foot, * although m European 
rclineries a slower rate of work'ing i.s eustonpiry. The object for 
tho apparent rvasto of energy involved by working at high current 
density may be explained in the following way.- With a view to 
reducing capital expenditure, it is desirable that a small plant 
should have a large output. It must be remembered that the largo 
amount of valuable coiiper whieb has to be jmt into the cells—as 
anodes, cathodes and electrolyte -when the refinery is started, 
represents capital upon which interest is being ])aid by the, refiner. 
Now although the metal originally put in soon comes out as retried 
copper, yet it hai^to be replaced by other crude copper, and the 
average value of copper locked up ])erinanently in the bath as anode, 
cathode and dissolved^snlphato is con.stant, and th<^ interest on this 
capital represents a very serious permanent addition to the cost 
of running the plant. If a small plant (san turn out a large amount 
of refined copper, the interest charge per ton of refined copper is 
necofsarily reduced. It is therefore advisable to use the highest 
current density possible. If, however, the current density is unduly 
irfleasod, tho quality of the product suffers, an inconveniently 
rough deposit of copper being produced. A higher current density 
is permissible, however, if a hot bath be us«l, since the rate of 
rliffpsibn of,copper sulphate is facilitated. In modern refineries, 
heating coils through which exhaust steam may be pawed are 
very commonly laid on to the retining tanks in order that the 
solution may bo kept at about 00° C. 

In order to obtain the maximum current density at the minimum 
E.M.F. (that is to say tho lowest jmwcr-consumption) the 
electrodes are plgccd as close togetlr-r as possible. This also 
diminishes the size'of tanks neederj, and thus reduces the cost of 
tho plant and tho amount of copper sulphate sofution locked up 

■ t! Addicka, Met. Chtm.'B»g. l3 (1915), 861. ' 

•Corap^ L. Addicks/ T-rani. Ama .,Electmche^ Soc. 25, (19U), 96. 
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b it. A limit to the ncai'txess of the plates is, however, set by the 
l^t that,*if they arc ylose together, the _(lcjx>si( grows irregularly"; 
iuiy Small exfreacciico on the cathode which may cK’cur at any 
|)oint, will, if the art(Hle ho \ ery near, cause a markfsl increase of the 
Igirrcnt density at that point, and thus an extra amount of eop|)er 
M deposited on it. 'J'he 't 'ogularity thceforo will increase as 
'dejxisition pnK'tssIs. 

* 'J'he metal deposited ujhjii 'he cathodes contains aliout 99-!)5 ^r 
cept. of eoj)|Hr, and is usually reinelted, basic furnaces lined with 
tinagnesit* or ehroniiti^ being preferred. Caro must be taken to 
avvdd, as fai as jmssible, the reimroduetion of inijmrities. it is 
IKiled iK'fore beiiig cast int(i ingots ot wire-bars.' 

Ihe anode slimes' containing tlic jirecious inijmrities of the 
anode cojijier (silver end goki), togel her w ith residual cojijier, lead, 
arsenic, selenium, tellurium and bisinuth. are leached with suijihurio 
Olid containing nitre, so a.s to reimno as much of the co|1|ht os 
jMjssible. 'Ibey are tben drieit and ‘‘blown" to give a crude 
liuilion containing all the jirisiiius metals ; this ojH'ration is carrietl 
out in a siu.dl revt'i-beratory fuinaei', air being forced under the 
surface of tbe molten material to jiroinote oxidation of the less 
valuably elements. 'J'he volatile coirstituents .such as arsenic and 
sehijium are carriisl iner with the air-bla.st, and ran be recovered 
in a dust catcher, whilst other imjmrilies are removed as a slag. 
'J’he molten bullion is further jiurilied by the ai tion of fused nitre, 
and is tben jioured, 'J'be jiroduct may contain tifi jier cent, of silver, 
about 2 jKT cent, of copper and about 2 jicr cent, of gold ; it is 
sent to the .silver refineiy tor further treatment. 

.An alternati\‘e method of arranging tin* electrodes in cojijair* 
refining is known as the Hayden or Series System. In ^bis 
|)roee.S8 the l.inUs arc lined, not with lead, but wuth a non-conducting 
substance such as slate. ,A numbi'r of slabs of imjmre eopjrcr a^. 
arranged jtarallel to one another in tlm lank ; they are large etumgh 
to occujiy nearly the whole cross-sectionx.f the cell, twing usually 
supported in slots at the (nlges, 'J'h(‘ outside slabs at the i.vvo < ijds 
alone are joined to the source of E.M.K.; each of the interined ate 
slabs acts as an anotlo on one side and a cathode on’the other. 
Consequently each tank really constitutes a large number of cells 
in series, and a comparatively high E.M.F. njust bo applied to the 
tank (perhaps 15 volts)—a gr< .it practical advantage. Further¬ 
more, no specially* prepare!' cathodes are noetiwl. On the other 
hand, much current leaks rounjl the edges of the slabs, and only 
on the last plate at the negative end of the tank does the weight 

* F. Jofsuon, J. Soc. ChSn. Iiui' 36 (1917), 803. * 

•L. Addi^, Uel. Chf'n. Krtg, 17 (8917), 169. 
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of copper deposited eorrespond—eve* approximately—to the 
current that has passed. * , 

When the amount of pure copper deposited on t^je eathoite side 
is about equal to the original thickness of the slabs, and consequently 
when little or none of the, original impuri? copper remains on the 
anodic side, the slabj are taken |ut; any remaining portions 
of impure copper can usually bo broken off, especially if the 
slabs arc slightly greasy on th# cathodic side when the process ( 
starts. ^ ^ 

It is obvious that the labour cost will bo greater^an in the 
ordinary (“multiple”) system of refining. Eurther, unless the 
copper of the original sla^is is fairly pure and uniform, they will 
corrode unevenly, a state of affairs which will efearly he fatal to the 
pnas'SH. The use of the seifcs system is^ tbereforci (smlined to 
places wbere tin' blister-copper to be treat'd is moderately pure 
and uniform, but where electric power is expensive and labour 
relatively cheap. ‘ 

Practically all the co])per from American sourees wbicb requires 
to be relincd eks trolytically, is treated at a system of refineries 
situated around New Yoik Harbour.- 
Dircct Manufacture of Copper Articles by Electro- 
deposition. Jfany attempts bara^ been marie to depo.sit copper 
ehsitrolytieally i|\ the form of wire, rods or tubes .so as to avoid the 
expenso of remelting, and subsequent drawing, rolling, etc. 
Elcctrolyt-icadly deiuijjited lubes have the advantage of being seam¬ 
less. On the other hand, great ditlicully is experienced in keeping 
the deposition smooth and uniform, and in making the metal 
compact and capable of withstanding |)r<'ssui'e. This can only be 
brought about if the coj)per is rolled or bammererl conUmimsly 
Ihrmuthmi Us Ue.jmiiion. lu oue process co|>per is deposited upon a 
♦■evolving “ mandrel,” of cylindrical fornx, the mandrel being made 
tbr cathode In a bath of eop|M'r sulpliahr in wbicb it is only partly 
immersed. As it revolvts.aj)olishing tool of special design travels 
alyng the Jength of the tube (first in one direction, then in the 
other), pressing down any microscopic excrescences that may 
apjM'ar upon the tubular cojiper deposit whilst these excrescences 
arc still small, and consolidating the copper so as to form a strong, 
compact non-porous,.tube. When the deposit is thick enough, it 
is taken off the mandrel, and constitutes a solid copper tube. The 
mandrel requiros^epwial preliminary preparation, to facilitate the 

* For comparison of the processes, seA P. L. Gill, Etig: Min. J. 101 (1916), 
9. 

* r, L. Antisell and S. tlkowroi.ski, Trans. Atner Inst. Met. 10 (1016), 
176. 
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TOinoval. The process pri sente difficulties and is no longer used in 
England.*, • 

Electrotyping, the'art of depositing eo])por upon a (negative) 
mould of gutta i)er»lia, wax or plaster, the surface of wliioh is made 
cijiidueting by a covering of grajilnle. may here be mentionerl. 
After the eopjier layer is thek enough to possess the lus'easary 
rigidity, the iiioukl is removed ; the eojijier de|)osif, of course, 
accurately repriMluees the form of the negati^e. 

One of the most interi'.sting developments of the dirirt de|)OSition 
of eopjier 's the jMissibility of obtaining in a single jiiece hollow 
articles of eoinjilieated contour which liquid not jiossibly be obtained 
by easting. These can be made by dejiositing a eojijier layer 
ujion a core o.’ fusible metal (e g tin) of suitable form ; the eopjier 
layer is then jiiereisl, and the fiisilne metal melted out, leaving a 
cojijier shell. Interesling attenijits on these lines were being 
made in Italy shortly before <he war. for the jiroduetion of radiator 
elements and similar articles Hadiator elements have a!.so been 
made in .Ami'riea in a similar manner, by the dejiosition of eopjier 
on jierforated strijis of lead, the lead being afterwards removed 
from within the eojijier sheath by heat.- During the war, enpjxir 
water-jackets for aerojilane engines were, made in this country in a 
similar manner ; the eojiper was dejiosited on fiisib'e metal, whicii 
was afterwards melted out by boiling in oil- a treatment which 
was jiioliably resjionsible for the excellent toughness of the eojijier 
composing the jacket ' 

Copper Plating. The electrolytic di'position of a thin jiroteelive 
layer of cojijH'r on another metal steel for e.xainjile is not very 
frequently earrii d out, It is not easy to get a thoroughly adherent 
dcjiosit of eojijier by jilating from a .suljiliate solution, beeanse at^he 
moment at whieh the steel article is jilunged into the eojijwr 
solution, a layer of loose eojijier is jiroduci'd ujion it through simpft- 
rcjilacement of the eojijier in the .soluti'm bv iron. 'J'his unfortunate 
occurrence, however, can be avoided by eoimneneing the dejxisition 
from a bath containing jiotassium cyanide, towards wlyeh cojinpr 
does not,behave as a “noble” metal.■* After a thin dejaisit has 
been obtained from the cyanide solution, the plating may be 

* Numerous other processes of this sort are descrij^cd hy W, Pfmiliaiiser, 
'* Ttie Manufacture of Metallic Artiolqs Klei Irolyfically.” Tmnslation by 
J. W. Kichards (Chemical ’.’iiblisuing Co.). 

•Met. C'ficm. find. 12 (1014), «7, • 

* G, Walters, Trane, Faraday Sor.^lS (1920), iii, 129. 

* For details of jltating from a cyanide liath, soi. F. C. Mathers, Trane. 

Amer. EUclrochem. Foe. 33 (1918), 147. Another method of obtaining 
adhesion (a sulphate b%th being einploy^i) is oBvocated by O. 1’. WUtto, 
Trane. Amer. Etectrorhey^ Sor^ 35 (1919), 295. ■ , * 
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continued from an ordinary sulphate iath containing sulphuric 
acid. • . ' • 

Two special cases where the electrolytic deposition of copper is 
useful may be mentioned.' Eirstly, wher^ it iS desired that a steel ■ 
article should receive cas(!-liardcning.in certain j)arts only, the parts 
which are not to bo •case-hardened* are first plated with copper, 
which serves to protect them from the carburizing agent. Swondly, 
tlio radiating iins of engirj) cylinders are sometimes coated with* 
copper to increase the heat-conductivity. • 

Much of the coi)per-protected steel, whicdi is met srith in com¬ 
merce, is not chs'tro-deposited at all. The so-called " copper-clad ” 
steel is obtained by castitig copper round a .sf.cci bdlet, and then 
rolling th(' whole into sheet.^ , 

Recently a new continuous ])roccss of ('ij.cring iron sheets with 
copi«'r has been j)\it into operation in Netv Jersey.' The sheets 
are passed between rolls, similar to the inking rolls used by |irintei’s, 
where they are coated with a thick mi.xtiire containing a crude oil 
of an asphaltic character, co|)per oxide and some precipitated 
(spongy) copper. The sheets then pass by means of mechanical 
conveyors through a furnace hcateil above the melting-point of 
cop|)er. At this temperatur('. the co])per oxide is reduc4'it by the 
asphalli<‘ matPer to the metallic state, and tin' sheets come out 
plated with a g(*id de))osit of cop|)er. Tin' portions of the mechan¬ 
ism likely to become most strongly heated are made of niehroine. 

• 

Properties and Employment of Commercial Copper 

Effect of Impurities and of Cold-working upon Copper. 
Ihjre copper is a soft, malleable metal of high eks'trical conductivity, 
but its propertii'S lue remarkably alten'd by the presence of quite 
cSmall (piantities of impurities.’ Impurities can be divided into 
taro groups 

(1) Thore which exist pi a state of solid solution in the copper 

’’ W. A. 'I'tiuin, Traits, Furatlay Soc. 16 (1921), 478. 

* H. S. Rawdon, M. A. Grossman and .A. N. Fiim, Md. Cheta. Eng. 20 
(1919), 460, 633. The section (Fig. IJ) on p. 636 of that paper shows the 
fonnatidn of a dofinito layer of iron-cop|)er alloy at the junction of the metals. 
See also J. O. Handy. Inil. Eng, Chrm. 5 (1913), 884. 

* J. W. Ricliarda, Trans. Anur. Just. Min. Eng. 60 (1919), 365. 

‘ L. Guillet, ZeitKh. Elcktrochcm.t'\i (1909), 897 ; A. H. Hioms, J. Sac. 
Chem. Ind. 2S (1906), 616; L. Addicks,^ct.‘CliC«. Eng. 22 (1920), 449, 
interprets the resuTts in a rather different way, which is difOcult to accept 
entirely. ComiMiro also the views of, F. Johnson, J.^oc. Chrm. Ind. 36 
(1917), 807, who distinguislies three groups of impurities; (1) insolubU (Pb, 
Bi, S, O, To); (2) soluble, but not a.s compounds (Ag, Au, Zn, Fe, Sn); (3) 
soluble as compouitds (Sb, Si, P, As*, Al). It is tho^ thin! group which has the 
greatest effect on the •'ondhetivity,* , * V , 
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. grains: aluminium, phospliorus. arsenic, silicon. These will 
greatly re<;uce the cleQtrical eoiuluetivity (as d6 all suhstanccs in 
solid fiolution) hut will pot render tiin eopjXT uasiiitablo for 
mechanical use. (hi the contrary, they wdl usually render it 
stronger and harder. 

(2) Those tthie'' are almost inmliihle in .solid copper, and collect, 
often as a eutis tic, at the inter-granular houiidaries : hisinuth, 
lead, telluriuni, oxygen (as cuprous o.\ide), suljiliur (as sulphidi'). 
Jhose have hut little disturhing cfTis'l on the eonductivitv, hut 
generally itvder the metal very fragile, giving rise to inter-granular 
frimturo. Bismuth is one of the most delrinientnl imimritics in 
this respect. In njany ca,scs. the intiv-gramilar layer in cojiimt 
containing imimritics of this class can he seen in a'micro-section. 

It is worthy of note that just those impurities which most seriously 
affect the mcclianical properties of u.pper have comparatively 
little effect upon the electrical conductivity. This d.s's not mean, 
however, that they can he toli-rateil in electrii'al conductors, hceause 
in iwtual practice gooil mci hanieal properties are just as important 
in a conductor as .<1 electrical properties. Oij (he other hand, 
the impurities of class (1), Hhieh arc, in some c.ases. looked upon 
with fav-yur fm purely mechanical purpo.scs. are most undesirahle 
for e|» etrical pur|)o.ses Arsenic, for instance, is actlially a welcome 
eonsthuimt of the copper used for hK'omotivc ti e boxes, at any 
rate in (piantitics up to 10 per cent.:' hut tln^ smallest trace 
causes a very serious lowering of the electrical conductivity. 

The presence of reducing g ises and espeeiall v hvdrogen ajpa'ars 
to cause hrittleneas in cop])er. Eleetro-.leposited copper- which 
))reaumahly contains some hydrogen Js rendered much stronger 
by heating in an oil-bath.^ 

Only less striking than the effixt of ini]iurities on copper is the 
offwt of cold work. Cold-worked copper behaves almost like*a 
different inetal to hot-worked or annealed copper. 'I'he eold-drifwn 
wire, for inst.mce, is very much stronger, although slightly 'ess 
conductive, than annealed wire. The increase in tensile strength 
and hardness observed as copper is subjected to progressive drawing 
appears to proceed n a curious discontinuous mannci, 
which is difficult to explain adequately liy the ordinary notions 
of deformation.’ The matter will require, further investigation. 

Uses of Copper. The industrial importance of copj^r depends 


C- T. Heyeoek, Brit. ArnoctRep. 88 (1920), B6. 

F. S. Spiers, Trans. Faraday Sac. 15 (1920), 128. 

23 imwi’ ( 1928 ), 381 ^ F. .lohnson, J. Insl.Jdrt. 

(1921**226.^*’ Deseh. J. lnst.^Uet. 26 




jn the high electrical conductivity, the good heat conductivity, 
the resistance to oxidation oven at fairly high temperature» and, 
to a small extent, on the softness. • , * 

The electrical coiuhictivity of pure copper excels that of every 
other metal, except silver, and cojlpcr is used on a very large 
scale for telegraph and telephone wires, power-lihes, etc., and also 
for electrical machinery. As explained in the section on aluminium , 
(Vol. II), the latter metal in|.y sometimes bo clicaper to use; whore 
the difference in cost is not great, the absence of an almost unrenfov- 
ablo oxide-film on copper makes it a far more convenient material. 


On account of tlio higher conductivity of pure metals, only 
electrolytic copper is u.scd for the ])nrposc ; birt on (v;count of the 
greater strengtli, cold-drawn j[or “hard-drawn”) copper wire is 
generally preferred to the annealed wire, fti .spite of its slightly 
lower eonductivity. 


Although the presence of most impurities in eop|ier which is 
intended for eleelrieal purposes is to he avoided at all costs, the 


addition of a small amount (1-1 j)er cent.) of cadmium has many 
advocates. Wire containing cadmium is said to have been employed 
considerably in Krance and [tidy. Although the conductivity is 
reduced by Id per cent, by tlie cadmium, the tensile stlengtli is 
imu’eased by omw .'"id percent. ; morcowr, the tem))enit\ne at fthich 
cold-drawn cop|frr licgins to lose its acipiired liardness is raised 
considerably by the preseinic of cadmium ; thus in tlie wire contain¬ 
ing cadmium there i is less danger of loss of strength through 
tvccidcntnl heating. ‘ 


The manner in whicli co|iper withstands corrosion by air and 
steam at high temiKTatunv, combined with its good heat eon- 


(lucfdvity, has rendered it uscfid in locomotive construction,'* 
I^ i.s the material generally employed for the lire-lx)x (although 
Steel firc-lmxes have been used with succV.ss in America), and also 
for'the steam-])ipes, r'op|)or withstands the action of sea-water 
well, and edas u.scd in the past for ships' Isittoms, although it has 
laiyely been suia-rseded by such alloys ns Muntz metal. Cnpp<'r 
is to some extent employed as a rooting material for buildings ; it 
soon turps green when ex|K)sed to the weather, but .suffers no serious 
corrosion. The metal is used for cooking utensils, but they arc 


usually tinned internaHy. Copper finds employment as a printing 
surface, and numerous objects o^ art are oiad^ of beaten copper. 

The softness of gop()cr is responsible for few of its minor uses 
“for instance, in the manufaeturii of shells. Aelaigo proportion 


‘ W. C. Smith, Mrl. Ctca. En^. A5 (1021), 1178 : Elect. ll’orW, 79 (1822), 
223; C. E. Sielwnthal, V.S.Geol. Sure. Min. «m.,'1917). I, 61. 

• J.eW. Hobaon, Mexlf. World, S6 (1»;4), 2i8i 9/ (1915), 62. 
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of the coRpor made is devoted to the manufacture of the alloys, 
which are discussed hclow. , • ‘ 

In casting t-opper, care should always Iw taken to avoid access of 
sulphur dioxide to’fhe molten metal. Copper dissolves the gas, a 
mixture of sulphide and ox'de being probably formed thus, 

6C'u + SO 2 -= CujS + 2 CU 2 O. 


The oxide and sulphide are solutdc in the molten cojjpcr, but,.on 
coyling, the oxide tends to separate at '•he inter-gramdar boundaries, 
causing fragility. * It is usual to add one of the deoxidiz('rs referred 
to above (e.g. zinc, phosphorus, or boron subo.xide) to co])pcr before 
casting. It is noteworthy that eoppeg- containing inter-gramdar 
ox'de is most likely to fail if healed in hydrogen or other reducing 
gases. Ihe hydrogen dilfuses imvards along the inter-granular 
boundaries and reacts with the oxide, probably forming steam in the 
interior. Tlu' crystals are thus [)ushed a|)ar( from one another, 
the metal increases in aj)[)areidi \olume, and inter-granular cracks 
develop.-’ 

Use of Copper Compounds. A certain amount of copper 
sulphah! is obtained as a by-i>roduet in Ihe treatment of ores— 
and especially in llu' treatnuad- of niekel-eopper matte by the 
Mo%d ]>roce.ss. It is used as Ihe source of tiu* o*lher salts. 

Cojiper salts, even when present in very hinaf' amounts, have a 
poisonous action on some of the lower forms of lif(\. I’hus copper 
sulphate is added to w<ater. csj)e<'ially" in bathing-])laees, io prevent 
the growth of weeds. It is stated that for this puqioso I part per 
million is quite efleetive, a epiantity^ which has ni) injurious effect on 
the fish present in the water.’ 

Likewise, “ Burgundy mixture,” ■* winch is essentially a ndxture 
of basic carbonate and basic sulph.ate obtauusl by pns'ipitation, 
is use<l by vinc-growei» to combat plant diseases of a fungfcid 
character. Various copper compounds, including “ Emerald graen,” 
CufCjHjOj) j.3Cu(As 02)2, employed in anti-toulin^preparations 
for ships’ bottoms, as they j>revcnt the growtii of marine organisms.* 

Copper salts arc used in glass, and also the eeramic‘industrj^ as 
colouring agents. In the cupric condition, they confer a green or 
greenish blue colour; but, in presence of reducing agenfs, a deep 
ruby glass can be obtained. 


lake many other metals whicfi exist in two states of oxidation, 

• , 

‘ E. Heyn, Melallographitl, 6 (1903), 49. •* 

’ H. Moore anil S. Beckinsale, Inst. Met. 25 (1921), 219. 

•C. Embrey, A^ysl, 42 (1917), 264 ; S. Rideal, Analyst, 42 (19i7), 268, 
gives interesting infonnatioii on the fuinction af coppor as a gormicieW 
‘B. L. Mond and C, Heberlein, Trans. Chem. Hoc. 115 (1919L 908. 

• P. E. Bosrles, J. dbc. Chem. I la. 41 (1922), 4»2a. * 
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copper has boon used as an oxygen earner in organic reactions, 
fbr instance, in th» manufacture (if aniline .blacJf. • 

t 

. • 

^^opper Alloys ' , * 

The most im))ortant^aIl(*ys of coji^er arc;.- 

(1) Copper-zinc alloys (Brasses), 

(2) Copper-tin alloys (Bronzes). 

(3) Copper-aluminium llloys (Aluminium bronzes). ^ 

In addition we have copper-nickel idloys (like Mopei metal) 

and copper-manganese alloys, both of which have been discussed 
in previous volumes ; alloys with silver and witlj (^old wall bo dealt 
with in the sections devoted to silver and gold respeetfvely. ^ome 
of the light alloys of ahiminiibii and coppef, in which cojiper is 
only a minor constituent, wore di.scussed along -with the other 
alloys of aluminium. 

The brasses, bronzes and aluminium bronzes re((uire further 
consideration at, this |)oint. In each ease, tlie e(|uilihrium diagram 
is someu liat eomplieated, a large number ((f different solid .solutions 
being knomi. A study of the ('(|uilihriuni diagrams of the three 
classes of alloys (Figs. 1(1, 11 and 13) reveals a general sijnilaritv 
between the tliK.-e .syslems. , 

The alloys (;an ^le made by melting coi)per under a laver of char¬ 
coal, and adding the s(;cond more rf'aetivc; metal to it. The charcoal 
is added to prevent tlje access of oxygen or sulphur dioxide to the 
alloy. With the same object in view it is advisable to use a crucible 
furmuM', rather than a type of furnace in which the heating gases 
pa.sa directly over the surface of the alloy. Plumt)ago crucibles 
fired,by oil or gas are very uscfid, and for large-scale prisluction arc 
mounted on bearings, so that tlu'y can readily be tilted up to pour 
tfcf. alloy. The electric fmnace with its jieutral atmosphere has 
also (proved suitable for melting the constituent metals in the making 
of brass castings.- Boverberatory furnaces have la'cn used for 
making large (puintities of alloys, but they are likely to allow the 
introduction of ini])uritics, and in the ca.se of brass cause a ccyisider- 
able loss owing to the volatilization of zinc. 

A good deal of heat is evolved when aluminium is added to copper; 
this is not so much due to the combination of the two metals as to 

I 

* Seo E. F. Law, " Alloys ” (GrifUn). A. H. Hiow, “ Mixed Metals ” 
(Maomillan); W. T. *i?rAnnt, “Metallic Alloys" (Baird); G. H. Gulliver, 
“ Metallic Alloys" (GrifRn). * ' „ 

' For the type of electric furnace used in molting brass, see H. M. St. John, 
Tram. Atmr. Eketrorhem. Soc. 37 (1920), 679; G. H. Clamor, J. Franklin 
InM. f90 (1920), 473 j H. W. Oill^tt, Trann. Amcr.fEkctroche$n. Soe. 39 
(1921), ,295. , , c V 
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the oxidation of alumihiura by cuprous oxirie, which is nearly 
always present In tl^e molten copper. • ; 

A'largc preportion of ajloys in tcehiiioal u.sc contain not'morely 
two metals, but tlfrce ^or .sometinu's four), 'rernary alloys contain¬ 
ing copper, tin and zinc arcrparticula^ly iinjwrtant. 

Copper-zinc»AIloys (Biasses). The ecpnlilwiuin diagram of 
the copper-zinc alloys, and tliegeneral character of the alloys of 
different compositions, lias alnvnly |>ccn discussed in Chapter'fV 
(Tol. I). But for the sake of conij)Ictcncss tlic <liagrani is repro¬ 
duced heVo (Fig. 10). 

At ordinary temperatures, all the brasses containing less than 
36 per cent,of zinc consist of a single sfilid solution ((t-bmss) ; they 
shov’, when annealed, the ordinary polygonal structure characteristic 
of pure metals, although when (pn'ekly cooled they often show the 
dendritic “ coring ” so eoimnon in mixed crystals ; th(! coring is well 
displayed by Fig. A of the frontisjiieee. which is a miero-photograj)h 
of chiil-ea.st brass with 70 per cent of co|)per. The time of annealing 
needed to remove', the coring and render the ahoy homogeneous 
varies to a remarkable extent with the temperature. At thTtrC. 
an hour will usually sidtiee; hut at 600 C. about- three hours 
may b« mvcled.' 

'Fhe colour of the «-brasses xaries from pale ydlow to yellowish 
rod, the colour becoming redder as the eoppei'(a)nt<'nt increases. 
They have moderate tensile strength, high ductility and are suitable 
for cold rolling. A section of a-hrass .shitih has la^en cold-rolled 
and annealed fre(|uently displays twinning; the same grain is 
divided into dark and light hands, owing to the orientation being 
different on each side of the twinnin;'-i)lane. 'J'his phenomenon is 
shown in Fig. B of the frontisj)ieee. • 

Alloys eontaitiing 36 47 jier cent, of zinc’are (|uile different in 
cjiaracter ; miero-seetinns show that they ( (aitam two separiKe 
kinds of grains. Fig. C of the frontispiece is a miero-phot(.gri^>h of 
a brass containing 46 per cent, of zinu, tfehed with ferri( chloride. 
ITio white grains are the o-solution, whilst the area? .vlncfi have 
been darkened by the action of ferric chloride may be called the 
/9,-solution. The brasses of this charaeb'r are commonly known 
as the aft-brasses. They |«jsseas a redibsh-yellow’ colour, the 
reddish tinge being due to the ft, constituout—a curious fact con¬ 
sidering its relatively low eopper-contont. The o/l-brasses have a 
much greater tensile strength than the a-brass^; they are suitable 
for hot rollingt According tf» Carpenter* the /?,-constituent is not 

r M. C<M>k, Trans. Faraday Snc. 17 (1922), 522. 

• H. C. H. Carpenter and C. A. Kdwtirds, JS Inst. Mrt. 5 (1911), 197 ; H. 
C. H. Carpenter. J. /yS. Jtfc'. 7 (1012). 70; 8. (4l)2), 01 ; 12 (ItU). lOU 
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homogeneous, but is a fine mixture of the a-solution and the y- 
solution. This is ve?y possibly true ; nevertheless the ^i-cohstituent 
seems to possess properties of its own, tpiite differoiH from tnose 
of the y-solution in the structurally free coivlition ; it is therefore 
convenient, for practical parposes, tfi regard it as an ultimate 
constituent of brass (jifst as pcarliteas often treated as an ulti¬ 
mate constituent of steel, haviiigj properties quite different from 
structurally free eomentite) • a/J-bra«ses are malleable when hot, 
but become brittle when over a cortain range of temperatuife. 
Recent experiments by IVof. T\irner show “ that the Urittleness 
extends over a considerable range, that the change is gradual. 



bourhood of 47()‘ ('., it ext('nd.s over more than 200^. The»maxi- 
mum brittleness oeeurs at a higher temperature at the copper-rich 
end of the series.” ' 

Between about 47 pyr. cent, and 49 per cent, of zinc, the alloys 
gcemtoconsistof^, alone, but u lied the zinc^'ontent exceeds about 
49 jicr cent., erystahs^of stnicturally free y-brass appear in the alloy. 

• 4 

See, however, O. F. Hudson, J. Inst. Met. 12 (1014), 89; C. H. Deech, J. Inet, 
Met. 5 (1911), 171 i 12 (1914),,104. Cbmpnre L. Guillct, Bev. Met. 11 (1914), 
1103. , • 

* I’roV T. Tumor, privaUi ouninrunication. • f , 
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As the y-Bolutiqn is very brittle, brasses with more than 50 ixsr cent, 
of are without <inochanical value, and arc only employi'd Jor 
castings of H purely ornamental character; they are grey or white 
in colour'. A' brass containing about 50 per cent, of zinc is also 
used for “ brazing ” purpef^s. • 

The questioiPas to whether the various'solid solutions met with 
in brass should or shoidd not 1*^ regarded as derived from defiqjto 
inter-ractallic compounds has been djjieussed in Chapter IV' (Vol. I); 
rtiere is a certain amount of evidenie for regarding the brittle 
y-solutiofiS as being derived from thi^ compound Cii.Zn,, 
although evidently an c.xccss of zinc atoms ar(^ present in the 
crystal-stnjcture.* * 

Uses of Brass. On account *f the eu.se with which it can bo 
cast, rolled, drawn, stamped, spun and e.xtnided, combined with the 
manner in which it withstands corrosion, hrn,ss is one of the most 
useful of the non-ferrous alloys. 'I’he two t.ype.s of hras.s i niployed 
in practice are : 

a-Bra.ss. Brass containing about till per l■enl. of zinc (7(1/11(1 
bniss) i.s much used for eondenser (ube.s. Brass used for eastings 
often qontains rather less zinc (20 tlO jier cent ), whilst that used for 
cartridge c.ases has .sometimes rather more (tltl ^)er cent.). 

n/J Brass. Muntz Metal, an alloy conlaminig about 40 ])er cent, 
of zinc (and often .some lead), was oi iginally irdrodueeil for sheathing 
ships, but is now u.sed for many other pur[)o.ses. It is stronger and 
harder than a-brass ; it is eaimble of being rolled hot, but, as already 
stated, becomes brittle if cooled to about 470° (I. If quenched 
from above tho transformation jioint, it is considerably h.ardened. 
The cITioicncy of Muntz metal for the sheathing of shjps is 
ascribed in jiart to the poisonous character of (he zinc salts 
produced by its corroi^ion; the zinc salts prevent barnacles fwjim 
attaching themselves to tho .ship's bottom, . 

Special Brasses. German silver and similar alhjy.” containing 
nickel, which can be regarded .as nickeliferous brassei. haVti, been 
referaed to in the section devoted to nickel (Vol. til). Several other 
types of special bra.sses, however, remain to bo described. 

“ High tenacity brasses are brasses containing small 
quantities of iron, manganese and alunjinium (usually all three 
elements are presen'j); the sthmgth of those alloys considerably 
exceeds that of ordinary ^zinc-copper alloys. They are often 
described as “.manganese bronzes,” but the name is unfortunate, 
since they are brasses, not bronzes (many of these alloys contain 

» * • ’ 

*0. SmaUey, Mrt.mlnd.,21 (1922), 5(t 75, 101, 124, 149; J. Davis, 
Utt. Ind. M (1921).V26. • ’ 
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no tin), and the manganese content is usually very small. The 
allhys are manufaotiffed on a very largo scale, since they eombine 
a strength which sometimes approaches that of stael with the 
peculiar stability of brass towards sea-water j ttfey are thus used 
for innumerable purposes e<)nneeted nvith .shij)])ing and docks. 
The composition employed usually fills hetweeia the following 
limits:— 


* 

Per cent. 

(7)p)a'r . *. 

. .W (>4 

Zinc, .... 

.304.5 

Iron .... 

()-5-2-0 

Mangane.se . « . 

0'2-40 

Aluminium 

0-2 *40 


“ Delta Metal,” a hard strong brass of this ijass, is considerably 
used for the niamifa(turo of pumps, valves and similar purposes. 
Some high tenacity brasses contain small quantities of nickel; 
others contain tin or K'ad, additions which increase the resistance to 
corrosion. 

High teiiaeity brass has in recent years been used largely for 
making the propellers of fast steamships ; iniero-seetions of one 
alloy which has keen employed with success show the «(9-strijc- 
ture, the o-eompoiient being in considerable excess of the fl-eom- 
ponent. Nuch a material can be used for projudlers revolving at 
speeds which woidd cause the rapid destruction of most ordinary 
alloys. ’ It is generallj^ considered that the wear of high-speed 
propellers is due rather to mechanical erosion than to chemical 
corrosion, although this matter cannot be regarded as definitely 
proved. ‘ 

Thc'exiu't functions of the three main additions (iron, manganese 
an^aluminium) are still not understood as completely its would bo 
desirable, although recent work by Smalley has thrown ranch Ughtf 
upon the question. It wil) be advisable to consider in turn the 
effret of adfUng each of theae'threo elements to brass, and at the 
samo'time the mode in which the element is addl'd. It sjiould 
first be jmiuted out that the presence of the elements (especially 
alnmuiium) in brass affects considerably the composition at which a 
plain a-brass ceases to bo possible, and where the ^-constituent 
appears. Thus whilst alitass with 10 per cent, copper, 30 per cent, 
zinc has the pure a-structure, an alloy coijtainlng the same amount 
of copper with 26 pervent. of zinc and 4 per cent, of aluminium has 

* 0.Silbemid, rArt»./iiii.40 (1921), 38t. See,however, W.Ramsay, 
J. Soe. Shem. Ini. 40 (1921), 691. AlAi reply by 0. Silbcrrad, J. Soc. Chan. 
Ind. 40 11921), 1731. . ; ' • * , • *, , 
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&>n fl^-structurc similAi^ to that ol a plain ooppcr-ziiic alloy with 
43 per •cent. 6f ziiy.^ » # 

Hi appeari likely that it is the aluminium which causes directly 
the abnormally High yield point and tensile strength of tlio high 
tenacity brasses. The alio* just menJioiu'd (eontuining 4 per cent, 
of aluminium)Jias a stren^h not very ditferent from tliat of mild 
steel. The great strength conferrecl by aluminium u])on brass 
miLst be considered in connection with the great incrca.s(' of strength 
produced when alumini\im is added fii coi)pcr in the manufacture of 
aluminium bronze. Ahimininm is generally added us metal. 

The manganese may ael in ])art as a deo.vidizer and desul- 
phurizer, Imt probably has also a specific function. Possibly it 
renders the grain-size liner, in the same way as iron (.*cc below). 
Manganese is eomiiionly added a? terro-mangaiiese, Imt this alloy 
■—owing to its high meltiug-poiMt and the pre.senee of carbon— 
does not readily dis.solve in Ijiass : ev(‘M if mollen ferio-manganese 
is added to molten brass, it is not imusual to find on cooling that the 
brass contains liard lilui.sh ])ellcls of undigested ferro-mnnganese, 
which arc large enough to render the brass i|iiite usele,ss for many 
I)urpo.ses ; the machining (|ualitics snfrer csjx-cially. It is better 
b) us(i '' cupro-manganesc ” {containing iff) jicr cent, manganese) 
an tho material for introducing mangane.se iiiloslirass ; this alloy 
can be prepared by adding ferro-manganese ti^molten eopiicr. 

The ctfcct of iron - upon brass is a subject upon which many 
different opinions have been e.vpressed. Many manufaeturers of 
ordinary bras,s look upon the presence of iron with loiisiderable 
disfavour. There is no doubt that if iron is introduced into molten 
brass as ordinary sleel .sera]), hnnl nodules of undige.sti d steel arc 
liable to remain in the jrroduct, tl'e (|ualitv of which will^learly 
suffer. It is commonly su]ii)osed (hat tlie.jrresenee of manganese 
or aluminium facilitates, in some way, the alloying of iron ttj'ith 
'brass.^ But the fact (mentioned abo\e) (hat ferro-muipraneso 
itself does not readily dissolve in molten l)ra^,s, readers this view 
somewhat cbfficiilt to accept, • 

If.howcver, the iron is introduced into the brass a-s a coppci -iron 
or zinc-iron alloy, practically; free from earhoii, the trouble referred 
to above can bo avoided. Small quantities of iron {ftp to about 
0-4 jier cent, probably) can exist in brass in solid solution ; if larger 


* L. Guillot, lieud. 142 (1906), 1047. But. (luillet’H principle of 

the ‘' coefficient of equivalA< (‘'' must bo accepUnf with cautioiu 8ee W. 
Guertler. Zeits^. MeMlcunde, 13 (1021), 128. 

' 0. Smalley, Met. Ind. 17 (1020), 421 ; F. Jolmson and R. K. Rednall, 
Met. Ind. 18 (1921), 101, 12.'5. 
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quantities are added, a second phase appears in thd brass, and it 
is^t this point that^tho licnoficial effect of the iren begips to be 
experienced. An n-brass containing I per cent, of iron is much 
more fine-grained than a similar brass fre6 from i»on cast under the 
same circumstances; and accordingly the strength, hardness and 
sho<!k-r(«iHting ((ualitic's of f)ra.ss conl^iniiig iron are superior to 
those of similar bra.ss fr(s^ from iron. It seems almost ec^tain that 
the minute |)aitieles of the iron-rifh phase, which arc solid whilst 
the brass is still molten, act »i nuebu for the crystallization of tl^e 
brass when it passes below its melting-poitit. 'J’hus a large number 
of small grains, instead of a fine large dendritic crystals, arc obtained. 

The Effect of Other Elements in Ordii^ry Brass. In 
general, elements like lead, cadmium and arsenic - any of which 
may la; introduced aoeidentally*or otbcrwisc,wilh tiu! cop])er or 
the zinc do no harm if ))resent in such smalUj>iantities that they 
remain in solid solution; in fact they may aidually increase the 
toughness. But arsenic' in q\ianlilies exceeding alxiut ()-5 per 
cent,, or cadmium - in (|uantities e.xceeding about 1 ])cr cent., 
appear between the grains ,'uid can.se.s a liability to inter-granular 
fracture; likewi.se lead above (M) per cent, appears as a separate 
phase, and causes weakness. For many pur|ioses the presence of 
much lead in brass is not to Ix^ hileratcd: but where the hrasiiis 
to be miu'hined.-a^irass containing lead is actually prcfi'rred, since 
such a. brass, just because of its weakness, cotnes off in chij)s rather 
than in long tight rolls which interfere \iith the work. Antimony 
and bismuth,'' (‘ven in very small ipiant ities, arc highly <leleterioua, 
causing inter-granular weakness; tlm same is true of sulphur, 
which may be absorbed from tlie furnace gases. 

Tin is added to brass in quaiil ities of about 1 per cent, in order to 
makolhe material less pornxiible by sea-water ; the matter will be 
refgw'ed to again later. In the Navy an u-l)ra.s.s with 2t) per cent, 
zinc, H) jwr cent, laijiper, and 1 jrer cent, tin is used instead of the* 
old 70/.‘10 bra,ss for condensicr tubes, whilst for purposes where a 
strongo alloy is netxled, an o^-bra.ss with 37 per cent, zinc, 62 per 
cent, ‘copper and 1 per cent, of tin is employed. More rcqpntly 
non-eorroding" brasses (both of the p- and o/I-types) containing 
2 per cent.' of lead, instead of 1 per cent, of tin, have been 
recommended. 

•• « 

Season-Cracking. Even pure ‘brass, aft^r it has undergone 
cold deformation, is«jiablo to undergo the type of inter-granular 
failure known as “ season-cracking ” nhen stored for some time; 

‘ O. Smalley, J. Soc. Chem. Ind. 36 (1917), 429. 

* ' L. Cuillct, Coinptm 166 (1018), 736^ 

^ «.R. A. Wood, J, Amer^ IJ 



COPPER 63 

it tates placJ with especial ease at high temperaturef! and is 
commoniy obscpved in cartridge cases stored iji tropical oountriqs. 
It i* generajly connected with the presence of internal strains, 
such as exist in all nietafe which have undergone deformation at 
comparatively low t<*lnpcratiire3 without s\d)se(juent annealing, 
but which prohijibly exist tf a special extcTit in articles made of 
“a-brass” just because of the extraordinary a|)titude of that 
metal for being worked into shiHie. The internal stresses may be 
njarly equal to tho ultimate strengtli of the material, and if very 
slightly increa-sid through external causes may come to exeeid it. * 
The conception of the inter-granular material as a very viscous 
liquid has been apjilied by Kosenhain tiyiceonnt for season-cracking. 
The grains'may slowly ]>art from one another, in the conr.so of 
months, as a result of internal fomas winch are too small to pull 
them apart from ope another (|uicKly.- 

There .seems to be little doubt that corrosive agents, such as 
W'ill selectively attack the inter-granular cement, often play a 
eoasidcrable jiait in bringing about si'ason-erai'king in brass articles, 
of which tho exti'rnal la 3 ’er is in tension.-' As the corrosion pene¬ 
trates between the grains, the tension existing in the brass pulls 
the grains apart, thus causing the crack.s to open more widely, and 
allowing the corrosive agent to enti-r the cavities between the 
grams Consequently coirosion proceeds more (^nij<ly than would 
bo possible in unstrained brass, and the inter-granular criu-ks soon 
come to extend for an appreciable distance iido the metal. ReiS'iit 
work has shown that not all i-orrosivc al;enls jirodiice season- 
cracking in stressed brass, ttidy those which <-ause selective 
corrosion of the inter-granular material have this .action ; of these 
agents, ammonia and ammonium salts are tin ones most likely to 
come into contact with brass under ordinary conditions. -ury 

salts also stimulate season-cracking ; but nitric ami bydrochlqjie 
acids, although causing [litting anil general corrosion, do not 
produce cracking. Various corrosive liipiids have proved veiy 
useful to different investigators, for tIn’detection of infernal i^i esses 
in worketl brass. A solution of mercurous nitrate containing*lrce 
nitric acid has a distinct solvent action on the inter-gramilar material 
in brass and causes inter-granular eriuks to develop wherever a 

• E. Heyn, </. Inst. Met. 12 (191-t), 3. See also W, H. Hal-fielil ami il. L. 
ThirkeU, J. Inst. Met. 22 (1919), i}. 

• W. Rosenhain and Hi L. Arehbiitt, Proc. Itity. Sor. 96 [A] (1919), 55; 

W. Rosenhain, J. Jnst. Met. <2 (1919), 92. » 

• H. Mooro, S. Bockinsatc and C. E. Mallinson, J. Pist. Mel. 25 (1921), 35 ; 
H. Moore and 8* Bcckinsale, Traits. Faraday Sor. 17 (1921). 102; Inst. 
Met. 23 (1920), 223 : 27 (1922), 149; C. H. Dcseh, Trans. Faraday A'oe. 17 
(1921), 17 ; O. W. EUis, Trans. Faradcy Soc. W (1921), 193 ; VV. C. Hother- 

saU, Trans. Faraday Skc. \7 (192I\, 201., . 

* ♦ . r , 
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tension exists at the surface. ItescaroheS with this solution have 

demonstrated the fact that by ainifaling at a ^airl/low tcaiporature 
(say 250° C.) it is possible to remove the dangerous in/crnal sttesses 
without materially alTreting the harclness. ^-b^ass containing 
aluminium is particularly prone to jpiter-graniilar corrosion; by 
immersing a piece of this brass in nwreury the (jrmponent grains 
can bo mode to part company with oiH! another altogether.* An 
interesting case of the failure of a*/9-bra.ss containing manganese by 
the penetration of solder alohg the grain boundaries has also bqon 
recorded.- 

Corrosion of Brass. .Many of the domestic! uses of brass are 
due to its conijcarativel/ stable character; < in places where 
unprotected st<!cl would rust badly, brass will remain uncorroded, 
or only su[)erlieially corroded, and if rubbed up occasionally will 
actually kec]) bright; brass surfaces are, of (siui'se, often i)rotected 
with a coat of transparent laeijuer. 

One of the most imiiortanl. properties of bniss is that it is but 
little attiwked by .salt water : hence tlu! use of brass in the manu¬ 
facture of tubes for marine condensers. Jt is, however, well known 
that condenser tubes ar<! eorrothid through in tim<‘, ami occasionally 
the tubes fail very rapidly. The matter is naturally onevif great 
technical import^uiei', and has been the subject of many investiga¬ 
tions. Sonu! y'eaw ago a committer! was aj)pointed by th<! Institute 
of Metals to e.vamine the subject of the corrosion of non-ferrous 
materials, and the dciailed reports^ jmblished by this committee 
deal largely with the (piestion of brass condenser tubes, and 
constitute a mine of most valuable information on the subject. 

Condenser tubes are alinost invariably covered with an 
ap|M>rently structureless layer, caused by tlu! meebanieal working 
of the surface, and comparable to the “ vitreous ” film shown by 
llfllby to be present on tin! surfiue of a polished metal.* This 
laye» is often distiiurtly richer in eop])cr than the lower jxirtions of 
the brass, the richness iir popper la-ing maiivly the result of the 
acii^-plekling used in cleaning. The pre.scnce of such a compara¬ 
tively uniform layer is no dovibt an inuxvrtant factor in preventing 

*C. It. Wcseli, J. in»(. MH. 22 (1919),* 247, 248. 

«J. H. S. Dickenson, J. Iiisl. Ma. 24 (1920), 31!>. 

* Thrw of tho roporU which uoncern braHS niv :— 

W. K. (libbH, II, H, Snu1h tuid (i. V. Beiigough, ,7. In/ft. Met. 15 (1910), 
37 ; 0.1). Bt'ngougli, ftiul O. F. Hudson, J. Jnut. Met. 21 (1919), 148 ; O. D. 
Boagough, K. M. uiui B. Pim't, J. InA. Met. 23 *1920), 00. Most of 
the information, iiu-Uiding a clossificfttioiwif tho rdrrosion mt-o five distinct 
types, is iu the lust of tiu'se rofxirts. Tlio n'sults of (fl*nnan experience 
gained during tho war are discusseit hy Schulz, Zeit.vh. Meiallkundet \2 (1920), 
49. • • , • • 

* U. p. £ougough, K. d^neaond JPirrot« J. Met. 23 (1920), 80. 
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the iiuliation of corrosion. iJevertheless, corrosion is not prevented 
entirely, for in any condenser the failuro of a tijbo does occur from 
timeio time owing td perforation. It is a fact that when once a 
given tube has begun to corro<io in a marked manner at a point, 
corrosion continues at' lhat tiint quickly until perforatioh occurs, 
although other tubes in tli«\anic comlenser may reniftin a.lmo8t 
unattacked. The main insoluble products of the eorvosion are 
“ ftewte chluriden " of zinr or copjxr (conceivably these are really 
hjulroxides with adsorbed chlorides), indallic copper and cuprous 
oxide ; a certain amount of soluble chlorides of eopju'r and zinc 
are probably also prodiiced. 

iSo long as the condenser tubes are kept free of .solid matter, and 
so long !is the water flowing through the tube is free from entangled 
air-bubbles, tlie only form of eorr .sion is a slow general attack 
spread over the whole surface of the tube. This is seldom serious ; 
in sea-water the amount of metal removed will oidy very slightly 
reduce the thickness of the tubes even after a long period. In one 
ease a o per cent, loss of thickness after eighteen years was observed.' 

If, however, the solid corrfiMon-jtroducis arc allowed to settle 
on the surfaci! of rlie tube at any point, the state of affairs is very 
different. l!ai)id attack often occurs where the dci)osit has settled, 
and this attack may soon lead to failure. Now in the ordinary 
maiine condenser, the corrosion-products (of the kind which produce 
this elfect) are usually swept out of the tube liy the current of 
water. If, however, (larticles of sand, coke, wood fibre, cotton 
fibre, seaweerl, shells, or colloidal matter of organic origin have 
access to the tube, they may settle or cling to the surface, and then 
entrap basic salts. Therefor(r unless tin' tubes are kept clear, 
serious corrosion may (wcur. It will*be obvi< us that the particles 
W'hich are capable of causing troidile are most likely to e,nt(* the 
tubes whilst the boat is in harbour. If the tukis could bo cleaqpd 
out before putting to sea, the troubh'- according to the WTitgrs of 
the reports mentioned above- could largely Is; avoided. 

It should be stated that not all oi every kind of" basic ^ialt is 
favourable to conosion. Occasionally, a film of what is described* 
as “ wliite, crystaliine zinc oxy-chloride ” has been observed upon 
the brass, which completely protects it from the action ofthe water. 
The corrosion product formed upon brass containing tin or lead is 
generally of a tough, coherent cljaracter, afid the specially resistant 
qualities of brass/jontaining these metals is due to this impermeable 

« 

* In Jresh-wat^ condensers fed acid waters, the rate of attack may 

be greater, but it is generally capable of control by suitable treatment of 
the water. ^ t • « 

* O. D. Bengough, Hi M. ^ones and R. ]giiTot> Inet. MeL 23 (4920), 118. 

M.O.—VOft,. IV. • ♦ p 
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varnish.* The type of corrosion-product which i8 found lo be 
harmful is of a copiporatively loose flocculcnt chsractei, and is 
generally stained blue or green with coppe# salts, although* this 
colour may be masked by the presence M iron ;«it appears almost 
certain that it is th(^ copper salts which caitse the Samage, 

The writers of the fifth rej)ort to th6 Corrosion {^ommitteo of the 
Institute of Metals prefer to regard th(^ action of the cop[)er salts 
upon the brass as purely chemical. • iSup|)osing the corrosion-product 
to contain cupric chloride, thwwill act upon both the zinc and copppr 
of the brass, thus, 

CuCl; I Zn ZnClj-fCu 

(.'ut'lj -1 Cu 2Cu('l , 

The first reaction pniduees the metallic^ copper, which i.s always 
found in the corrosion-product, and which tluVwritiirs of the report 
regard as being of a secondary nature.- 'I'ln* second reaction will 
produce insoluble cuprous chloride, which will reniain in silt/, until 
it is reoxidized to cupric chloride by the oxygen di.s.solvod in the 
sea-water; the cupric chloride will then attack a further quantity 
of brass. 'J’hus the eojiper chloride in the adherent luatler really 
acts as an oxygen-carrier. 

Of course, whatever tlu' ineehaid8!u of the reaction, the-rate of 
corrosion will necessarily !«' limited by the rate at which oxygen is 
supplied to the (s-rface. If tlu^ water tlowiiig through the tubes 
contains oidy dis.solved oxygen, an upper limit is .set to tiu! rate of 
corrosion, for the .solubility of oxygen in water is but small. How¬ 
ever, if entangled air-bubbles are ]>resent in the water, the rate of 
attiw'k is not limited by this cause, aiul serious |)itting may occur 
at or near the point where they impinge on the brass. 

Itsvill be noticed that the writers of the report mentioned have 
made no ii.se of the eoiu'cpthm of corrosion as an el(H‘tro-chemical 
pkk'nonicnon, which has proved so useful in the study of the corrosiop 

* C. H. I>i8<;ti. Trans. Faraday Sac. II {1915-10). 198; J. Sor. Clirm. 
ttul. 34 (191,'i), im. 

• Xhreo types of views have lioen expri-sseil os to the origin of the copper 
found in the corrosion product of brass. (1. D. llengoiigh, R. M. Joses and 
K. Pirret, J. Itt'sl. Mi t, 23 (1920), 10s, consider that the cop|X‘r is of a secondary 
nature, dua to redeposition by chanicaF agancy. The present writer has 
suggested that it is due to rcdrpo.ution by rUrtro-dirtnical agency ; ace U, R. 
Evans, Trans. Faraday ISoc. 11 (1915-10), 207. C. H. Dtxseh and S. WlijOe, 
J. Insl. Mel. 10 (1913), 303; 11 (1914), 235; 13 (1915), 80, consider that 
the copper is rfisidaal in origin duo to removal of'the zinc by the corrosive 
agency, the copper b<\ng left behind undissolved. If ordinary corrosion ia 
an electrochemical phehonienon, it is conceivable that residual copper might 
be produced at the anodic areas, and rede^sitod copper at the calcic areas. 
Desch and Whyte in their experiments made the whole specimen the anode, 
by applying a current from an extern d source ; if residual copper were ever 
possible, it, would be observed diost easily tmder,,sueh conditions. 
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of many itimple metak. Having regard to the object of the report 
they were probably wise to avoid controversial issues. But it is 
instructive to consider the subject from the electro-chemical 
standpoint. In auieie tube, owing to the uniform character of the 
surface film; Acre is little likiJihofid of the setting U|) of any corrosion 
couples with appreciable Ji,M F "s. Hence the corrosion of new 
tubes is likely to be almost negligible at first- ns is indeed found 
to be the case. But if at any ])oint (owing to nmapiai atress(‘s, or 
loj'al variation in <'om|)osition, or ha-il differences m temiM-rature, 
or again owing to stray currents from e.\t<'rnal sources) corrosion 
should once commence, it will pnxeed a[iace. For when once 
metallic copper and eu|)rie salts have app<'ared in tin' corrosion 
product, o|)|>ortunities for l orrosion e(jn]>le.s of the type 

Brass [ Nat’l | t'uClj | Copper 

exist. The bra.ss will function as anode, and the coi)))er as cathode. 
At the anode, zinc will pass into solution ; at the catlnKle, cupric 
chloride will act like the cupric sul|ihate in a Jtaniell cell, being 
reduced either to metallic eop|ier (hence the (tresence of " secondary ” 
cop))er in the corrosion product), or to cuimius chloride ; the 
cuprous chloride will then he reovidized by the di.ssolved o.xygen to 
eujiric chloride, and thus the process will ecjiitirue indefinitely.’ 
It i.' < lear that when once corrosion has cominenecil, at a ))oint, it is 
likely to continue there even if the agency whiih originally < auBed 
it to commence is removed. 

It is (lossible that where the foreign substance which enters a 
condenser tube is a conducting substance, lik(! coki‘ or iron scale, 
it may serve as the cathodic, member of a corrosion couple -; but 
it is likely that the main re.ison why •foreign |)articles favour corro¬ 
sion is that they cause the retention of baste eop|M r .salts '^i the 
tula’. , 

The electrolytic ])rotcctU)n system (see rhajjtcr XIVy Vol. TJ has 
been installed in tlie conthmsers of niatvy vessels, and i.s stated to 
give fairly good results, at any rate in londensers whicli iinvc ,shown 
a special tendency to corrosion near the ends of the ttii,es. Itvloes 
not always .afford jmotection to the middle tif the tubes, and it has 

’Both W. Ramsay, Eivjinferiruj, 104 (1017), 44, and E. B. Story, Met, 
Chem. Eng, 17 (1917), 659, have f^xprossed vifclfs of brass-corrosion with 
which the present writer TikIs much to agree. Tlic views of F. von Wurstem- 
berger, Zeilneh. MclbUkwidi-, 11 (1922), 23, 09, arc essdntially not very differ¬ 
ent from those expressed m this book, but the term* “ selective corrosion " 
and " dezmcifici^lon ” are usoil iif a rather different sonse to that in which 
they are employed by English wnters. The views of J. H. Reedy and B. 
Feuer, J, Ind. Eng. them. 12 (1920), ,541, arisless easy to accept. . 

• A. PhiUp, J. Inst..Met^ 12 (1914), 13,3. 
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usually failed to arrest decay in tubes whtre corrosibn had started 
before the process was installed.’ # , 

The corrosion of a/?-bras3 takes place morif readily than that of 
a-brass, and the zinc-ruJi ^,-constitueift (which may bo an a-y- 
complox) is always firkt attacked, its pLicc bding taken by a mass of 
porous copper. “ Doziiu;ific?.timi ” of f Muiit/, metal article exposed 
to sea-water often converts it to a reddish material resembling poor 
copper; the artiide retains its original form, but becomes so weak 
that it can bo cut witli a knif*.- 1'ho addition of lead (2 per cent.) 
or tin (I ]>er cent.) to u/blu-asses is very eonnuon, on account of tko 
comparatively resistant qualities of brass containing these metals. 



« 


Copper-tin Alloys’ (Bronzes). The equilibrium itiagram of the 
copper-tin alloys, as obtained by Heycock and Neville,’ is shown in 

'Compare G. U. Allen, J.'lr.Kl. Met. 24 (H120), 292. 

' H.'iH. Rftwclon, J, Amer. Inst. .Mst. 11 (1917-18), 148. See also examples 
given by S. \Vhyto, J. hist. Met. 13 (1915), 87, ami by L. Bolladen.^t/o^ega, 
51 (1921), 11,-144. 

• C. T. Heycock and F. H. Neville. Pk)C. liny. Soc. 69 (1901), 320; Phil. 
Trans, 202 [A) (1904). 1, Compare E. S. Shepherd and E. Blongh, J. Phys. 
Chetn. 10 (1900), 630. Other diagrams have been put forward by other 
workers. Tito difleront ohagrams are reproduced, and compared by J. L. 
Haughton, J. Inst. Met. 13 (1915), 22^ 25 (1921)^,309, who has carried out 
extensive fresh researghes on the subject, Tbeso conlirii. the w-ork of Hoy- 
cook and Neville in tnany respects, but suggest, certain modiheations— 
mainly affecting the alloys comparativelj rich in tin, which ore of no com¬ 
mercial inqKtrtanee. It should he noticed that the solid solutions which 
Heycock and Neville call “ H ” aixqcalled by laU-r w-riters (including 
Haughtoul. ' ^ „ ■» 
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Fig. 11, whilst Fig. 12 iiidicatfs the most iniixjrtaiit of the iiiodiii- 
catiojis proi30.sed reoehtly by Haughton. The diagram recalls that 
of the co])])cr-zin(» alloys, but is more eomjdioatod. At ordinary 
temperatures, alloys (rintairuig le.ss than about 8 jkt eent. of tin 
consist of a single .solid soltii.on (o-brass). Beyond this ))oint (the 
exact position of wbieh is still a matter of di,sagreeni<'nt) the alloys 
Ijecome hetemgeneous, and eontain. in addition tti the n-solutjon, 
a second component, the A-.solutie.i , alloys consisting of an 
ud-complex undergo a transformation at raK)' ('., analogous to the 
trainsfonnation in brass at 47(1 (', and above that tein|)ernturo 
wc may obtain an ((/J-eoin)ile.\ The (i-sobilions are often regarded 
as being derived fnmi a delinite eoniponnd t'u,i8n. 'I'lie (.[..solutions 
are yellow and red. wlnlst the (i-.siili.tions are nbite ; t lie /J-solutions 
are also white, but may be distinguished in nnero-seelions both 
from the ((- and (bsohitions by the fact (hat they are darkened by 



Fla. 12.—Tlie Svsf^'m Copper .Tin. Haughton's Diagram, aliglitty 
Biinplitiei't 

treatment with an acidified solution of ferric "hloride. On aeem^it 
o* the colour of the ((.solutions, bronzes eontaining less than a^bout 
30 piT eent. of tin have a yellow or red tinge; those vith more 
tin arc white or gi ey. The nu'chanii .d projierties (>{ (ue various 
solutions also pr.'sent (hlTerenees; the ((.solution is malleitble, 
whilst *the d-solutlon is hard, strong, but rather brittle. The 
structure of the alloys, which depends considerably on the heat 
treatment, is very interesting, and is Irest studied by reference to 
the beautiful micro-photographs,of HeycoeSr and Neville. 

As in the ca.se (jf tius brasses, nearly all the technically imiiortant 
alloys are those relatively rich in copjicr. The alloys with 4-lC 
per cent, of tf.i are used in* machinery, although moat of the 
technically employed gun-metals and bronzes contain a (bird 
element, ns will be fiydained below. An increase in the tin-content 
causes an irtcrease ill tensile strength and Hardness, but tends to 
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make the alloy brittle. When the tin-content reaches ^9-28 per 
cent., the amount of the hard ^-constituent in <he bronzes is suflicient 
to make the alloys too brittle for any tncchan^al purpose; such 
material can undergo* a certain amoui^ of dastic deformation, but 
cannot accommodate itself to a suddim blow by local plastic defor¬ 
mation ; if stressed beyond the elastic limit, the material at once 
fractures. These propc^rties—although rendering the alloys useless 
for stnictural jmrposes - are just what is required for the production 
of bells and gongs, which must be capable of performing “ elas'tic 
oscillations ” of considerable amplitude without suffering permanent 
change of sha|)c. Hence «dloys of this composition are used as 
“ bell-metal.” In order to obtain bell-metal ^n its hard, brittle 
and sonorous condition, it mint be slowly cooled. Above about 
500''(!., as is shown by tlu^ diagram, the d-eon.stituent cca.scs to 
exist, and if bell-metal be ((Ueiiehed from above this temperature, 
its projrerties are (luite. different ; it is then a])preeiably malleable, 
and not sonorous. 

The otdy alloy of any practical importance eontaining more tin 
than bell-metal, is an alloy with lilt ])er cent, of tin, which is very 
hard and whit(' and takes a brilliant polish. It was formerly 
employed in the making of retleetors for teleseojies and other 
optical instruigjjjd.s under the name of " speerdum metal.'’ 

Phosphor-bronzes. The introduction of small amounts of 
phos))horus into broijze is usually effected by the addition of a 
" phos])hor-copper ” (copper with Itl-la per r(‘id. of phosphorus), 
or “ phosphor-tin,” to the molten bronze. Pho.sjihorus in very 
small (piantities merely acts as a deoxidizer, increasing the sound¬ 
ness, of the bronze, and preventing the inter-gramdar brittleness 
which is as.sooiated .with the presence of cujwous oxide. If the 
iW'.oy is to be rolled or worked, the additi<iii of excess of phosphorus 
should generally be avoided, since it would reduce the malleability. 
If, however,, the bronze is intended for easting, and especially for 
the pfoduetion of machinery parts which have to withstand ‘ wear,” 
the presence of exce.sa of phosphorus is highly beneficiaj, as it 
greatly increases the hardne,ss anij resistance to abrasion. The 
good wearing qualities of pho,sphor-bronze arc commonly ascribed 
to hard particles of copper phosphide (Cu,P) .set in a comparatively 
plastic matrix. The juiosphide particles can be recognized in a 
heat-tinted section,»under the ndcroscope. by thedblue colour which 
they assume. 

The approximate composition of some of the pliosphor-bronzes 
used- for Afferent purpow's is suggested below.^ It will be noticed 
that ,boih the tin-coqtenl and pb(MphoF.is-cbntent are increased, 
when greater hardness is demanded. 
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Bolts, springs, screvj's, wire. 

Tin.' Phosphorus, 

Copper, 


• 

* 

Vods, tubes . 

Pinions, valves, ‘steam and 

4-5";, < 

0-1% 

95-06% 

boiler fittings, pumps 
Axle-bearings, , slide-valves. 


o-2r„ 

■ 93% 

bushes, cog-wheels 

8-12".,, 

0-7 to l-2«;, 

87-91“.;, 


Although its ooiuliictirity is mu'h loss than that of cnj’ipor, 
pliosphor-hronzo is usod for tolograph wires and similar purposes, 
since the high tensile strength allows a eonsiderahly longer “ span ” 
than is possihle with |)ure eo])per. 

Zinc Bronzes.' Many kinds of hronze, especially those used 
for casting, contain jine as well as tin. Amongst other elTeets, the 
presence of zinc adils lluiility to the molten hronze. 'I'Ik^ so eallcd 
" .4dmiralty gun-metal ” (no longer used for guns) is an alloy of 
this character, and contains 

(Vi])per, HH",,; Tin, 10';,',; Zinc, 2",,. 

Another gun nielal in common use contains 

f'opi)er, ; Tin. .5'',,; Zinc. 10",',. 

t'a,st gun-metal {especially when “ ehill-ea.st’') 'genendly shows a 
oornl structure ; hut annealing rianoves the eori'jgf-, and produces a 
polygonal structure comi)arable to that of u-hrass and containing 
numerous twin-hands.^ 

On account of the eomparativ(^ case with which gun-nictal can 
be cast, it is often used in machinery where a easting is required 
at short notice and where it would oecujiy too inucdi tim(' to make a 
steel casting. 'I'hn bronzes, howiw('r. lose a groat deal of» their 
strength at high tempcratiires, and they a»e being replaced more 
and more by metals end alloys which remain strong when ►ot, 
and which in some cases are more re -istant to shock than gun-metal. 
Steel. Monel metal, and aluminium bronee are all nova used in many 
places where bronze was at one time lookcsl upon as the best niu I "rial, 
in spite of the manufacturing difficulties met with in all three 
cases.* 

' For stnicturo ami effect of boat-treatment and annealing, «)e C. P. Karr 
and H. 8. liawdon, f Bur. Stat^dards, Tcrff.^l^iprrs, 59 and 60 (1916); 
J. Amott, Foundry J. 23 (1921), 2. For influonoo of irnfmrilieti fieo 

F. Johnson, J. In A. Mei. 20 (’’.918), 167 ; tho qiiostioa of tho influence of load 
is further discussed by 11. T. Rolfo, J. ln$t. Mri. 26 (1921), 85. The question 
of the best casting temperature eoiisidered by H. C. H. Carpenter and 
C. F, Elam, J, Innt. Met. 19 (1918), 155. 

* See also O. Sma^ey, J. Soc. ChfVH Ind. 33 (1918) 194t. * 

* See Sir H. J. Onua, J^Jnst. Met. 11 (J914), 26; Sir 0. Goodirin, J. JnH, 

Met. 23 (1920), 56. » ' • 
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For the so-called “ copper ” coinage, a bronze^ with 

Copper, 95%; Tin, 4%; Zinc, 1% , » 

• , 

has long been used iij the country ; it shoves wonderful resistance 
to wear. For casting statuary, a ve^ fluid bronze is demanded, 
and the zinc-content is often increased; the presence of lead is 
favoured as it is thought to produce an attractive “ patina ” or 
oxi4ation-tint, which apj)ears when the statue is exposed to the 
weather. Statuary bronze generally varies within the limits, < 

Copper, 88 91 % ; Tin, 5-10%; Zinc, l -5% ; I^ead, 0-l'5%. 

Plastic Bronzes Containing Lead. Although for many 
mechanical pur]>oscs, the j)resence of lead in bronze is regarded as 
highly detrimental, bronzes containing 4 to^.’tO i>cr <'ent. of lead 
are very useful as bearing-materials. As in the analogous case of 
brass, the greater jiart of the lead fails to dissolve in the molten 
alloy, and when tin' metal has solidified, the structure consists of 
globules of h'ad distributed uniformly (undei' favourable conditions 
of casting) througliout a matrix of bronze. Thus we have a 
combination of a hard substance and a soft sub.stance, the latter 
conferring a slight plasticity to the material, which- as will be 
explained in coiHiection with other bearing-alloys--is dcsirnbh' in a 
good bearing-ijtjterial. Some of these “ plastic bronzes ” also 
contain phosphorus, which increases the hardness of the matrix— 
owing to the presence of copper phosjihido ; others contain nickel. 

Copper-aluminium Alloys (Aluminium Bronzes).' Part 
of the equilibrium diagram of the copper-aluminium system is 
shown in Fig. 13. The system is very complicated, but we can— 
for pur present purpo.se-confine our atti'iition to the alloys 
comparatively ricli ip, copper. 

^Alloys with less than about 10 per cent, of aluminium consist of a 
singlp solid solution (a), at lea.st when annealed. Those with lO-lB 
per cent, are, heterogeneous, and contain a- and (5-solutions when 
annealed. But there is a transformation point at .537° C. (analogous 
to the transformation points at 600° C. in the bronzes and at 470° C. 
in the brasses), and above 537° C. t(ie constitution is different. If 
the alloys are quenched from a temperature above the trans¬ 
formation point, the structure—and also the hardness—is different 
from that of the alloys annealed at a temperature below it. The 
difference is shown »by Figs. D and E qf the frontispiece, both of 
which represent an Alloy with 11 per cent, of alumipium ; such an 

* D. Stockdale, J. Inst. Mtt. 28 (1922), 273; H. C. H. Carpenter and C. A. 
Edwards, Pne. InM. Mech. Eeg. (1007), 67 j B. E. Curry, J. Phyi. Chan. II 
(1007), 42S! J. H. Andrew. /. Init. Mel. 13 (1915), g4o j J. N. Greenwood, 
J. ins* Met. 19 (1918), f8. ’ ' • , > 

I 
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alloy consists at 750° C. entirely of ^-solution, but if cooled just 
below 537' C. and annealed, roiuided crystals of d-solution separate, 
which are shown in J'ig. D, set in a gro\ind-mass of th(! ad-outectoid. 
This transfonuLtion- if nol^ jireventerl—is at least modified by 
quenching, just as the A,., efifhige in stc^sl is modilled by quenching. 


Temp- 



The structure of the quenehi^d alloy shown in Fig. E is “ acicular,” 
comparable tojthe “ hiartensific ” structure of quenched steel. 
The analogy betw’een the behaviour of steels and aluminium bronzes 
is interesting, but one difference should be noted ; quenched fteel 
is almost invariably^anJer than slowly Tfjvled steel, whbreas in 
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• • ' 

^alloys of copper and aluminium, the hardness of samples quenched 

from above the transformation point is eften* lower than those 
cooled from below the transformatiorj point.* • ' 

The aluminium-soppcr alloy winch 1% mo.st »commonly used 
contains alK)ut 10 per cent, of aluminium. It is a golden-yellow 
material, which is wonderfully resistant to atmospheric corrosion. 
Aluminium bronze has about twice the tensile strength of tin bronze 
and shows better resistance to shock; it is displacing tin bronze 
for many piir|)oseB. Owing to the considerable shrinkage,* the 
casting of aluminium bronze iwesents many difliculties; but, 
nevertheless, the use of the alloy, in the east as well as the rolled 
forms, is e.xte,nding.“ Alumitdum bronze has been adopted in 
France for coinage purposes.'' 

The alloys used for die-<^nstings often eoatain iron in (puvntities 
up to T) per cent. The iron is very beneliaial, remlering the alloy 
fine-grained, just as in the ea.se of the addition of iron to brass. 
Vny small (piantities, such as e.xi.st in solid .solution, do not affect 
the grain-size, although they iuerease the ten.sile sirength. But, if 
the iron is present in sullieienl eoneentration to involve the jiresence 
of a second phase, the minute particles act ns nuclei fi>i’ crystalliza¬ 
tion and the alloy tends to be much more tine-grained than would 
otherwise 1)0 tlie ease. 

An idloy efWiidning 02 ])er cent, iduminium, 7 ])er cent, copixr 
and I per cent, mangiinese has also been recommended for die 
castings.* « 

' Tlio variation nt ttio hnnlnoas witli the composition and quoneliiiig tem- 
poraluri) has bo'n examined hy .1. N. (Ireenwomi. J. Inst. Mrt. 19 (1918), 53. 
See e.spe<’ially ilgin-es on pages 9S anil 111. See also the work of A. A. Hoad 
and H. H. (Ireaves,,/. Just. Mrt. 26 {1921), 57, on the ternary alloys of nickol, 
alunnnnnn and copper^ soino of winch aro much softer when rpionchod from 
£0U°(’. that) \\h(-n annealed. 

*VV. M, Cove, Met. ('lu m. Etig. 20 (1919),'102; " C.V." Machinmj, 13 
(10*9), «3«. , 

* Eiigiiterr, 134 (1922), 7^. 

A. Livermore, Mel. ItAl. 18 (1921), 109. 
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,SILVER 

AtJ uk; weight . . .. 1(17-88 


The Metal 

Silver falls immediately Ixdow eopper in the periudie. scheme, 
and a certain analogy may he traced between the f)roperties of the 
two metals. In tk- eompaet .state, it iit a white metal capable of 
taking a brilliant polish. The ’ white " appearance of silver shows 
thah unlike copper *1110 metal n-tTeets almost etpially well light 
of all wave-lengths t.) which the eye is sensitive. 'I'he shorter 
(violet) rays seem, however, to be reflected slightly less completely 
than the longer rays, since light w Inch has been rejicatedly reflected 
at a silver surface has a [lereeiitible yellow colour. Likewise silver 
is almost equally opaque to light of all the wave-lengths within the 
visible portion of the spectrum ; outside the visible range, however, 
selective ab.sorption <loes occur, silver being fairly transparent to 
ultra violet light of certain wave-lengths.' * 

iSilwr is harder than copper, but resembles it ir.^‘ing malleable 
and ductile ; very thin silver leaf and fine silver wire can be obtained. 
It is a very good eondnetor of heat and electricity ; in fact, silver 
and copper surpass all (.•her sub.stances in this respect. Silver 
melts .at a fairly high tempeiature, 9(12 ('., slightly lower than the 
melting-point of eopiier. It is distinctly volatile at high tem]ier- 
atures, and can in fact be inirified by distillation at the temjiernture 
of the o.\y-hydrogen blow pipe. Silver is heaviei than ciqipcr, 
tlte specific gravity being 10-5. • 

The metal crystallizes in the cubic system ; native silw is 
occasionally found in octahedra. The/itoms have bcuii shown, by 
the X-ray method, to be arranged- in silver, as in copper-on a 
face-centred cubic lattice.^ The external crystalline forn- of 
silver is not infrequently obsesved in the mctallie deposit formed 
when a solution of silver nitrate is electrolysed, if the c-onditions 
are such that the crystals formed at diffi-reyfjioints on the cathode 
do not “ grow into oue^another ” and thus interfere mutually with 
the free developifient. But even under favousable circumstances 
there is a marked tendency towards arborescent or mossy growths, 
duo to the greater development at the corners where the current 

• • * ' 

* R. W.AV'oo4. "rhysical QntirB’* (MaomiUan). ^ 

•*L. Vet^rd, PhiL M&g. 31 
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density is tiighcst, or where the supply of silver ions in the solution 
'is most readily feplenished. The oonditionH which /avojir the 
developnu'nt at the cathode of a small npinber o^ largfs sih'cr crystals 
(as opposed to a largo nunilxT of small crystals)• are a high con¬ 
centration of silver nitrate, a low cinTcnt density and the absence 
of free acid.* * * 

Silv(T stands rather at tins “ noble ” end of the Potential Series, « 
and it is not surprising to find that the nudal is remarkably stable 
towards cozTf)8ive agents. Jt retains its biightne.8s indefinite!^ in 
ordinary damp air, although it is superficially blackened by air 
containing traces of hydrogen sulphide- a fact which suggests that 
silver has a greater aflinity for sul|ihur than for f).\ygen, a.s is indeed 
the ease ; it is worthy of note that purz! hydrogen sulphide in the 
absence of air does not darken silver.- TIfl' metal is unaftaeked 
by non-o.\idizing acids, but, dissolves in hotl'oneenlrafed sulphuric 
acid with evolution of snl|)hur dio.xide, and also in idtrie acid ; the 
action of nitric acid is greatly accelerated by the presence of nitrous 
acid- as in the eas(! of eopizer.' 

Although solid silver even when healed withstands the action 
of o.xygen, molten silver has a distinct .solvent action upon tlu^ gas. 
When molten silver containing oxygen is cooled, the gas is given 
off rather violently at the moment of solidification ; the sudden 
evolution of gfllftmay actually cause ])artieles of silver to be shot out 
from the surface of the mebd ; the phenomenon, which is known as 
“ spitting,” has been aptly described as the " eruption of a miniature 
volcano.” I’he suiUhm spitting is accompanied by evolution of 
light; production of light is eoinmonly attributed to the sharp rise 
of temperature which may pemir at the moment of solidification 
wh«i the silver has been super cooled, but it i.s probably due to 
another cause ; many crystals, such as sugar and uranium nitrate, 
Mnit light when crushed ii\ the dark, eveinat low temperatures, ajid 
it wx'ms lik('ly that the lumiseence of solidifying silver is of the 
same eharaeter.* • . 

'fife sohdzility of o.xygen in molten silver is proportional to the 
square root of the pressure, a fact which shows that o.xygeif cannot 
be dissolved as diatomic molecules,* but is either dissolved as single 
oxygen atoms or as molecules of silver oxide (Ag20).‘ It seems 

> See A. H. W. Aten eai L. M. Booflage, Bef. Trav. Chim. 39 (1020), 720, 
who discuee the various factors that govern crjstal aize in an eloctrolytio 
deposit. t t * 

* F. L. Hahn, Zeit\ch. Anorg. Cketn. 99 (1917)* 118. 

•V. H. Veloy, J. Soc. Chem. Ind. 16 (1891). 204. ♦ 

‘ W. C. MoC. Lewis, '' System of Physical Chemistry,” Vol. II, p. 407 
(1920 edition). (Longmans, Green.) , 

* F. G. Ponnan and T. W. A. Shaw, J, So(l Chtm. Ind, 29 (1910), 987. 

See akio \V. Stalil, Chem 39 885. ( • 

k 
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very probable thfct this oxtde, although unstable in the pure state, 
can exist iii dilute solution in molten silver. WJien molten silver • 
containing silver oxide *is cooled down, crystallization occurs in a 
manner similar to the crystallization of molten copper containing 
cuprous oxide. In both*cas('s|thc crystiijlites ot metal that appear 
are free from oxyjjen, and tlie oxide,s tend to.beeome concentrated 
in the still liquid portions. But, in the case of .silver, the solution 
• of the oxide will clearly become more unstable as it becomes more 
concentrated. If the cooling is slow, it is probable that oxygen' 
will be given off from the still liquid portion as the concentration 
increases, and by the time the whole is solid, the metal is free from 
gas ; it is noteworthy that if the cooling is very' slow, the elimination 
of oxygen i.s conducted without serious s]mrting. * On the other 
hand, if the cooling ^ ra])id, therc» is very serious over-cooling 
of the silver; both thy. .solidification and accompanying gas-pro¬ 
duction arc practically in.stantaneo\is, and the spitting out of 
portions of the solidifying silver i.s by no ineaTis sur])rising. 

Cohen and Helderinan ^ have .stated that ordinary eonqmct silver 
contains “ at haist three allotropes.” This vi(‘W is ba.s('d on 
certain slight density changes which occur when siher is annealed. 
They are probably merely ordinary cases of recrystallization after 
cold-work. • 

Laboratory Preparation of Different Forms c^^ilver. 'I’he 
position of silver in the Potential Scries indicates that it is a metal 
very easy to prepare from its eomjxiunds. By^the action of almost 
any reactive metal, such as zinc, upon a solution of a silver salt, 
metallic silver is obtained. Indeed many silver salts deconqsisc 
spontaneously at high temjieratures with the jiroduetion of the 
metal; thus black sjiongy siher may be prcjiari'd by heating<.ho 
nitrate, carbonate, or oxide. In some cases the decompositio.. is 
accompanied by the cvobjtion of so much heat as to amount to a# 
explosion. • 

■ Metallic silver is also conveniently obtauied by the < l«etrolysu ot 
an aqueous salt solution. The elcetrolysi.s of a solution of the nitrate 
acidified with nitric acid gives silcer in a rugged crystalline form, 
which will often require reineltjng before it is put to use. If a 
compact shining layer of limited thickness is required, a bath of 
potassium silver cyanide (which will he discjujscd in the sis tion on 
electro-plating) can be^u.sed. • 

Where pure sihtr is to niaile from an imj»ire salt, it is best 

' C. V, Boys, i%ans. Faraday Svr. 14 (1019), 227, Compare Sir T- K. 
Roac, p. 244, and K. E. Slade, p. 248. 

• W. D. Hetdermao,«J. In^t. Met. 16 ymiO), 84. .See, however, criti^m 
by W, B^nhoin (p. 108), aad by C, H. noaohjp. 114). • ^ 





/o 

to precipitate it as insoluble chloride by Ihoans of h’ydrochlonc acid, 
•and after washingjtho precipitate to treat it with “zinc ami sulphuric 
acid, a dark precipitate of silver Iwing obtained. This can be 
washed, and melted untler a borax flu^ to givd the compact metal. 
If necessary tlu* siCver (uvji be redisfolvecfin nitric aeid, and the 
whole purification pri>eess rejieated. / 

Colloidal Silver. Hy the action of different reducing agents 
such as stannous salts, hydrazine, hydroxylamine, tannin, tartaric 
acid, |)yrogallol, formalin, citric acid, dextrin, or phosphorus, 
upon rliffcrent silver salts, silver is precipitated in various colloidal 
forms. The colour of the product varies with the method of 
preparation ; differtmt workers' have been able to prepare grey, 
blue, gold, red, green, black, white and yellow forms of silver, some 
of the colours being remarkably bright. Many of these preparations 
contaimxl organic matter and others contained residual .silver 
compounds. 'I’hr! diflerent forms havi^ occasioTially been styled 
“ allotropie modilieations ” of silver, but there is no object in 
applying the words “ allotropy ” to such eases. 

There is little doubt but that tlu; remarkable variation in the 
colour of colloidal solutions of silver is largely due to variation in 
the size of the iiart-icles obtained under dilTerent conditions. Iteeent 
researches 2 have shown that it is possible to obtain a series of 
“sols" withs^Mrtieles of varying size, which display a gradual 
change of colour as the particle-size is increased. 'I'he sols having 
the smallest partichH{"(V'/') orange when viewed by transmitteel 
light; thence we pass thro\igh red (ilO/ip), purjde (llOp/<) and 
blue-violet (Wilfi/i) to bluish-green (ISO/r/j). 'I'lie connection 
between the colour and the_^ size of the particles agrees wit h that 
whr'h would 1 k^ predicted from ojitical theory. 

A comparatively stable colloidal solution of silver is obtained by 
farming a solution of silver nitrate conteuiing sodium protalbinate, 
which iwda both as a reducing agent and also as a protective colloid.’ 
The solution can be purifi(;d by dialysis and is yellowtsh-brown in 
colour. Fairly stable “ sols ’’ can also be obtained by the use of 
gelatine as protective colloid, hydrazine hydrate Iwing .used as 
reducing agent; these arc brown iv red by transmitted light, but 
the scatleriHl light has a greenish hue.'* Colloidal solutions of 
silver can be prepared by Bredig’s mcthoil, namely, by passing an 

‘M. Carey Lea, t-Jiil. Mag. 31 (1891), 138, 320, 41)7 ; 32 (1891), 337; 
J. C. Blake, Zeilsch. Anorg. CAem. 37 (iy03), 243. Compare F. E. Qailagherr 
J. Phys. Chtm. 10 (1900), 701. 

* K. Schaiuu and H. Lang, Kotl. Znluch. 28 (1921), 243. 

•\7. Paal. Btr. 35 (1902S 2224. 

* ^ Outbier, J. Huber apd Av Zweigli*. Kotti ZciUch. 30 (1922), 306. 
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arc between two Silver wirfs submerged in water; tliese are more 
unstabl" ^ • 


Compounds 

Only one class ^of silver eomjiouiuls *b luinwn ]K)ssessing any 
degree of stability, namely, those in wliieli the metal is monovalent. 
(TRoy can be regarded as ebaived from the oxide Ag,0 : the salts, 
such as AgCl and Ag/SO,, are thus analogous in composition to the 
cuprous salts (CuCl and Cu.SO,), and are elo.sely aUin to them in 
properties. 

Silver oxide, Ag^O, being distinctly unstable, cannot be iirepared 
by the direct combination of the elements, it may be )irodueed as a 
precipitate in the wet vs-ay, by the i^ldition of .sodium hydroxide 
to a silver salt .solutuin. It will be retnembered that, in the 
analogous ease of co])])er, a “ hydroxide, " is lirst preei|)itated under 
these conditions, but that this loses part of the combined water on 
merely heating it in the soluti(ui, and changes eohair accordingly. 
In the ca.se of silver the tendency to lose water, which is character¬ 
istic of metals of (irou[i In, is still more marked, for the black 
precipitate obtained by the action of caustic alkalis on silver salts 
does not, even at low temperatures, seem to contain agy appreciable 
fpiantny of combined water, i'hus if any hydroxi^^ (.\gl)H) is 
first formed, it must at once lose ]>ractieally the wluue of the water 
yielding the aidiydrous oxide (Agdt). 

Silver oxide is a brown pre<-ipitate. which afipears almost black 
when dry. Although difliiult to prodias' in ( rystals of any size. 
X-ray examination of the powdery form sluovs that th(' atoms art* 
arranged in detinite crystal iirray, and ii* the same manner as in the 
crystals of the analogous oxide of eoi));er (l,'uA>),' Silver oxifle 
dissolves in acids, yielding tint salts of silver. When heated at^j 
2502 C., silver oxide d(*coml)o.ses into its eleinents , it loses a certain 
amount of oxygen when exposetl tt> ligiit at ordiuiiry temperattir^s. 
Incoming—it is statetI rather blacker iit eohair. It is fe<lucetl bi 
the metallic state by heating at ItKt in a current of hyilrogcn. 

Salts.* The salts of silver, in contrast witli those wf eopp-j-, 
are, for the mo.st part, colourleSs. The comparative alispnce of 
colour in silver and silver compounds is quiU* in accordance with the 
fact that silver has an almost unchjingcable vniency; any selective 
absorption of light which is caused by silver cominmnds lies- in 
most cases—beyoml the,rang?! of the visifile spectrum, although in 
silver iodide it eftends into the*visible blue region, and the salt 
has consequently a yellow colour. ^ 

* R. W. 0.*WyoIt*£f, ilijiej. J. Ssi. 3.(1922), 184. • ^ 
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The most striking feature of silver safts is the fnanner m which 
•they suffer decon^sition when exposed to s>mlight, cfi^ecially in 
the presence of organic matter; this matter will,bo referred to 
again in the section on photography. Silv*r salts are usually 
preserved in bottlm of yellow blown {jlass wtich absorbs the 
active rays. On aeepunt of their action on orjunic matter silver 
salts have notable ea\istie properties. They blacken the skii^ 
precipitating linely-divided silver upon it. 

The soluble salts of silver may be obtained by the actiop of 
acids on the oxide ; the sulphate and nitrate may be formed by the 
oxidizing action of the acids on the metal. The nitrate, AgNOj, 
is the most important salt of silver, as well as one of the most 
soluble ; it crystallizes in colourless rhombic plates. The sulphate 
is much less soluble, and is* most convenjpntly prepared by the 
action of fairly dilute sidphurio acid, in the pre.sence of an oxidizing 
agent such as hydrogen ])oroxide, upon the metal. TTiese salts 
are both easily redneed to the nndallic state by organic matter, 
especially in the presence of light. The mere ncces.s of laboratory 
dust to a bottle containing them is suflicicnt to cause a blackening 
of the salts, due to the formation of metallic .silver. 

The insoluble salts of silver may bi^ obtained most conveniently 
by precipitatiftii from the .soluble salts. The chloride, bromide, 
and iodide i^', like the corresponding cuprous compounds, highly 
insoluble 8>d)stancea, the solubility being gre,atcst in the case of the 
chloride and least ii^the ease of the iodide. Like the cuprous salts, 
the silver halides darken in the light; the nature of this change 
will bo diseusaed later. Silver chloride is a white curdling pre¬ 
cipitate obtaiiu'd by the action of almost any .soluble chloride upon 
a jolution of silver nitrate dr sulphate. It is comparatively soluble 
in excess of coneenjrated sodium chloiide solution. The bromide 
*’.s faintly yellow, whereas the iodide is distinctly yellow; both are 
oljjtained in analogous ways. The tendency of these precipitates to 
curdle is very eharacteiji.stic of the silver halides. When first the 
precipitating solution is added to the silver salt solution, an ordinary 
diffuse precipitate is formed. On shaking or heating the liquid, 
however, ’the mass eoagtdates together, leaving the solution free 
from pwceptible suspended matter, but showing a faint opalescence. 

The halogen compounds of silver melt at n low temperatiure, 
without decompositlbh, solidifying to a horny mass. 

Other insolublp salts of silver include tRe phosphates, carbonate, 
chromate and arsibnito. They be obtained by precipitation in 
the usual manner. The phosphates (of which swcral are known) 
and the carbonate arp yellow or white precipitates, darkening in 
sunUght; the ebromatd and af senitet are>reddish-brown. Silver 
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thlocyaqate is a white curdling precipitate formed by the action of 
ammonii^ thiocyanate on a soluble silver salt* Silver "sulphide 
is obtiHiicd by the action of sulphurelksl hydrogen on a silver sjdt 
solution ; ibis (, brf)wn |)r(^ii)itate. slowly di,"oived by nitric acid 
with the formation of siilpliir. 

Another impo. ant salt is the nitrite, '\hieh is obtaimd by 
mixing togidher warm eonei'iitrated solutions of silver nitrati' and 
potassium nitrite. The silver nitrite separates on cooling as. a 
crystalline preei|iitate. It decomposes l<‘ss readily on slorage 
than the other nitriti’s, and is i (ui.sefpiently useful in the jireparation 
of pure sodium nitrite. 

Complex Salt? of Silver, (hi the addition of potassium 
cyanide to a silver nitrate .solution a white p.'iripitate of silver 
cyanide is at first formed. If, however, exi essof iiota.s.sium cyanide 
bo added, the iireeijiiiate ri'dissolves, the .soluble double cyanide 
Kt’N.AgCX or K[.\g(('X)J lienig formed This is a coinjitex salt, 
and ionizes in the manner indicated by the formula K[Ag(('X)J, 
The concentration of silver eations in the solution is so low that 
the addition of a .soluble chloride does not produce a precipi¬ 
tate. 

Since, in the presence of e.vee.ss of potassium cyanide, silver is 
eonv I rtisl to a form which e.an e.vist in .solution even in the presence 
of ionized chlorides, it follows that ]iola.s.siuin ey.inide, added to a 
solution in which silver ehloride has been precipitated, will dissolve 
the precipitate ; in the same way it acts a,, a solvent for silv'cr 
bromide and iodide 

Other salts which eaU'c ihe formation of eoiiijilex ions may 
e.xert a solvent m tion upon the silvi r lialides , for instance, sodium 
thiosulphate XiiiH-O, will dissolve tin chloride and bromid* of 
silver, and, to a lesser extent, the more sparingly soluble iodide. 
Apparently complex sodium silver thiosnlphates, such as 
2 Xa 2 iSj 03 .Ag, 82 Oj 211 /) or Xa/.Ag.pS/)^)/ 211 , 0 , which confain 
the .silvei in the anion, .are piodueed. .^nother substance which 
will dissolve the .silver ehloride, as well as silver oxide, is animotwa; 
this reagent h.as only a slight solvent action iijion the b'-omide .ind 
iodide. 

A complex nitrite can be producevl electrolytically in a divided 
cell containing sodium nitrite solution in thu anode eomjiartment 
and fitted with a silver anode. Vhe anode tns:omes covered with 
a crust consisting mainly of nearly colourk-ss silver nitrite (AgXOj) 
mixed with a amall amount of finely-divided silver; after some 
hours, this crust begins to interfere with tlie passage of the current. 
Meanwhile the solution surrounding the aliode has liecome bright 

M.C.—VOL.'lV. 0 
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yellow, and from it a complex salt, Na[Aj(NO j) J, can be i^lated in 

‘bright yellow crystals .' ^ 

Silver Peroxide and Derivatives,. Althongli *o wcll-flefined 
stable compounds rorreaponding to the cppric sajts exist, certain 
bodies containing silver in a higher'’8tatc of oxidation have been 
prepared. Whcui a solution of silver nitrate is cl^trolysed between 
platinum electrodes, under such conditions that the anodic currcBt 
dcasity is fairly high, not only is metallic silver precipitated at the 
cathode, but a black compound of silver is formed u])on the an*dc. 
This body, onec considered to bo a peroxide, has been shown 
invariably to contain nitrate. Many views have been expressed 
as to its l•harncter, and the coin])osition apjK'ars to vary with 
the conditions It is now generally assignetl the formula 
2 Ag 304 .AgN 03 . Hy treatment with watemat 00-80 ' (!. for .some 
days, the silver nitrate may be removed, part of the oxygen also 
being lost; in this way a black oxide, said to have the composition 
AgO, is arriv(ai at.’ The oxide when dissolved in concentrated 
nitric or sulphuric acid, yields a brown li(|uid, but it loses oxygen 
on dilution. 

A ])oroxidc or ndxture of jicroxides of silver can also be obtained 
by the action of potassium jiersulphate on tinclj'-divided silver 
(|)repared froiu a silver salt by |)reei])itation with magnesium); 
the colour of ttfie silver ebanges from grey to black, and the ju'oduet 
contains more oxygen than eorrespoiids to the formula AgO, but 
less than would be. Indieateil by the formula .AgjO,’ 


Analytical 

.^ilver differs from all other metals in having a chloride insoluble 
in water but soluble,in ammonia. 'J'ho addition of a soluble chloride 
(V) a silver salt solution brings down the whole of the silver as a 
curdling white prcci|iitate ; mercury and lead niny also be thro'wn 
down, if present, but, vhen tin' fresh precipitate is treated with 
ammonia, the silver alone” is di.ssobed ; it may be reprccipitated 
frdm the filtrate by adding nitric acid. 

The quantitative separation of ^ilver from other metals depends 
on its precipitation as chloride. In the se))nration from mercury it 
is probably beat to precipitate both metals as sulphide, and then to 
treat the precipitate'with fairly‘dilute niuic acid, which dissolves 

* F. H. Jetlery. Tnins. Faradai/ Soc. t5\l920), iii, lo. 

*Tlie older viowa are summarized, ^nd uew ihvestiga^ions ore described 
by M. J. Brown, Trans. Arner. EUclrochtm. Soc. 30 (1916), 326. See also 
H. C. P. Weber, Trans. Amcr. Electrochem. Soc. 32 (1917), 391, 

*E. Mulder, Ecc. Trav. Cttim. 16 (1897), 87; 17^1898), 129. 

* a. I. Higson, Trans. C.'icms Soc. 119 (1921), 2648. 
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the silve.' sulphide, but leaves the mercury sulphide undissolved. 

Silver & usuall;^ weighed ns the chloride, a Kubstance of very 
definite corapofitioiv which is easy to filter and wash. Alternatively 
silver can be reduced to the metallic form by ehatrolysis, and 
weighed directly. A solution of the iiitr.'te in the pri'seiicc of free 
nitric acid gives on electrolysis between gauze-electrodes - (for 
instance, the “ Fischer ” or “ Sand ” apparatus) a crystalline 
deposit of silver ; the solution must lx‘ used hot, in order to prevent 
the formation of “ peroxide ” derivatives on the anode. Much 
smoother de])OBita of silver, which adhere better to the cathode, 
are obtained if sufficient jiotassium cyanide be i)resent to form the 
complex cyanide. JVhere salt.s of other metals also occur in the 
solution, care must be taken that these are not preei)alnted with the 
silver and weighed afiji g with it. In the ease of most metals, this 
cun be accomplished b^' the adju.stment of the cathodic ))otential 
within suitable limits ; the potential must be dejiressed sulfieiently 
to de]) 08 it silver, but not so much as to allow the jireeipitation of the 
other metals.* 

A dry metliod of essaying silver in an ore, depending tijam the 
use of molten lead as a collector of the metal, is in common use. 
The ore is liealid with a mixture of lead oxide, jiotassium cyanide, 
sodium earbonate and iron in a eriieible. 'I'lie lead and silver are 
reduced by the iron to the nietallie state and the wbo'.,- of the silver 
is dissolved by the molten lead. On cooling, a button of lead is 
found at the bottom of the ves.sel, and this ei atains all the silver 
present in the ore. 

The separation of the silver .iiid lead dejieiids iijioii the fact that 
leael is more easily oxidized. The button of lead is jilaeed iijion ii 
“cupel,” a saueer-shajied jioroiia xessel eomjiosed of bone-ash, iwid 
the C'UJX'I is placed on the lloor of hot niullle furnace. The button 
Siam melts, and the lead is oxidized by tin- air to lead oxide, which' 
is largely absorbixl into the suhstanee of the jiorous cujal. Wn 
the other band, the more ‘‘noble” silverS'einains in the metallic 
state ; it dissolves a little'o.xygcn, but this is given up on eooliig;. 
The metallic bead left on the eujicl at the end of the expcrimei t, 
therefore, consists of lead-free sih er, and may be weighed as sm h 

The volumetric estimation of silver depends upon the formation 
of the insoluble chloride. The solution in xjlych silver-content is 
to be determined is places' in a stojljx'red flask, and sodium chloride 
of known strragth fe added gradually from a buij-ttc. After each 
addition the flask, is stofiiwred and shaken, so as to coagulate the 
silver chloride. 'When the further addition of swliuin chloride gives 

* For cletaib ace A.*’ Fischer, ” ElectroaiialytischD SchneUmethoden ’’ 
(Enke). 
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no fresh eloudincss to the solution, the analyst knows th^. enough 
sodium chloride has Is-en added to react ^xaetfy with the silver; 
it is conse((uently easy to calculate the (juantjty oi silver present. 
A certain amount iira<'tice is neciled tj) enable the observer to 
judge whether a “ cloud ”«has been n)rmed or not, hut the method, 
used by a skilful amdyst, is extraordinarily a/curate. 

An altertiativ(! volumetric method of determining silver, whioh 
is (|uicker, easier, but rather less accurate, deiicnds on the titration 
of the silver solution with a standard solution of j)ota.s»ium 
thiocyanab!. A drop of ferric salt is added to the silver solution 
before the titration eommcnces, and as soon as a red coloration (due 
to ferric thiocyanate) appcsirs, it imiicates thail the thiocyanate is 
present in excess and eonseiiuentiy that the silver has been eom- 
jdetely precipitated. * • 

0 

TKituE.STur.vr, Ocitiikunch 

tSilvi'r is found only in very small traces in orilinary igneous rocks 
(usually less than O-ObOl per cent.); but, like eopjier, it has tended 
to aeeiimulate in the liipiid portion as the igneous magma has 
solidilied, and has been given off in appreciable ipiantities by the 
thermal waters which are expi'lled in the iinal stages, lly the 
deposition of'silver eoinpoiiiids from these waters, as they rose 
through fissiux's in the rocks, "siber veins” have been formed. 
Since copper and lead are also expelled under the same conditions, 
it is not surprising ti,i lind that silver is a minor constituent of many 
eop])er and lead ores, lint, since silver occurs to a much smaller 
extent in the average magma than do eopiier anil load, and, since 
the eonditions needed for tin' precipitation of the different metals 
as,sulphides are different, many copper and lead ores contain but 
little silver; in some places, however, veins are found in which 
•silver is jiresent in ipnte large i|uantitii's. Silver veins generally 
eivitain a certain amount of gold. 

Where the amount of silver in a lend ore or a copper ore is very 
small, it may occur as a minor constituent of the lead or copper 
inineral. Thus the important lend mineral, galena (PbS)>ean hold 
a small amount of silver- not exceeding 0-2 per cent.—in solid 
solutioif.* Several cop|M'r minernls- notably tetrahedrite—are 
often distinctly argentiferous. But where the silver-content of the 
lead or copper ore is con.sidershhi, indepe^ident minerals containing 
silver occur to some extent. i ‘ 

The independent silver mineralji may include njptallic silver itseli 
and the sulphide, which is known as, 

' Argcntite (Silver Glance) . , . Ag^ 

, ‘ * A. K. Nisseu^oivl S.X. tloyU Kcotf. (trof. 10 (lOltt). 172. 
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Argentifc is a liluck or grey mineral with iiielnllic lustre, often, 
found in Tetieulafed of arborescent growths. • 

\Vh*(! tlieswores*lie within reach of weathering inthienees. they 
may undergo se(^inaary ^haiifa's. One of tht' l)*it-known secondary 
minerals is the chloride, ' • 

luirn silver . ‘ . .tgl'l, 

• \Wneh usually occurs in wa.w masses. .Silver, liki' eo|i|K‘r, may 
undergo secondary enriehmeMl, for waters containing soluble silver 
salfs [smetrating downwards from tbe altered zone into the 
unaltered zone react with sul|ihides such as pyrites or chaleopyrite, 
with the repreeipitation of silver sulphide (argentile). Rut the 
more common ore.? of the zone of enriehnient are the com])lex 
sulphides, ^ . 

Pyrargyrile (darkfed silver ore) d.VgsS .Sb_..s!, or .\gj.Sb1S3 
I’roustile (light red silvi r ore) . .'!.\g..S .\sj.S.or Agi.\s,S, 

and I’olybasite .... !b\gjS Sb.S, or .\g,.SI).S, 

Ry the interaetion of siher bearing waters with reducing agents 
(|H‘rha]i.s sulphides) native siUer may be formed in minute leaves, 
threads or mossy growths 'I'lnis native siher may be of a primary 
or a secondary eharaeter. 

The main silver-mining districts are grouped around the Paeilie 
oro-cii' le. .Starting on the South Ainerie.in sail'' we tind the 
celebrated silver mines of Rolivia and Peru In many of these, 
the silver is associated not only wi'h eopperf but also with tin— 
a somewhat unusual a.ssoeiation. In IViitral .\merica there are 
some important mines, but the richest series of silver-veins is to ho 
found in Jle.vieo . in the Pachuca district, winch is one of the most 
imiKirtant, there are ipiartz wins containing prou.slite, pyrargfrito 
and polybasite, whilst the higher jiortions eoiitain the sul|)bide or 
chloride. The rich silvcg and gold ores of California and .Vevaift 
next call for mention, whilst we find sjlM i-lead ores in Idaho tind 
Colorado. . • • 

Pa.ssing round to the other side of the Pacific, we lii.d .silve^ in 
Japan, in Rurina. in the Dutch Indies, whilst the lead and • me 
mines of Broken Hill in Australia ])roduce a notable quantity 
of silver. 

Outside the Pacific ore-eirele there are,few deposits of great 
importance. In Ont.ariy, howcvit, the complex ores of the Cobalt 
region contain native silver, along with compounHs of cobalt, nickel, 
bismuth and ot^ier metals. livJoaehimsfhal (Bohemia) the same 
association of silver with cobalt, nickel and bismuth is observed, 
whilst, on the other^ide of the Erzgebirge,*in the mining districl of 
Freiburg (Sajony), the p-secious nictal’is i-as^iated with I?a<iand 
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^zinc. The copper ores of Spain also contain an appreciabWamount 
of silver. Since, however, out of 187 million ouVices of Isiver pro¬ 
duced in 1919,165 million ounces came from the American Corftinent, 
the comparative i^jiimportancc of these, Eurfipjan sources can 
easily bo appreciated. • ' ^ 

MeTAU.UROY ADI) IJsKS , 

A large proportion of the world’s output of silver is derived from 
ores which are mined mainly for th(^ eopiier, lead or zinc which they 
contain. Even where the ores are so rich in silver that they are 
worked mainly with a view to the extraction of that metal, the 
metallurgy of silver is closely inti-rwoven with that of other metals. 
In order, therefore, to ])rcvfnt undue n'petition, only a short 
discussion of tlut treatment of silver ores'will he given at this 
point. ‘ 

Silver is one of the most easily rediioihle of metals ; the diftieulties 
which attend the treatment of ordinary sil\<'r ore are all connected 
with the fact that the silver (smtent of tln^ ore is always small; 
either the silver minerals are s(uittered throughout a large amount 
of worthless material, or the silver may actually occur in traces in 
solid solution jn another mineral, e.g. in galena (PUS), 

In order to obtain this sparsely dilTused silver from the ore, some 
agent must bo used which will dissolve the silvi'r and leave the 
worthless material; two classes of agents arc used: 
yyA) A " collector *■’ of metallic or pseudo-metallic character, 
Well as 

[а) molten copper matte 

( б ) molten learl 

^ or (r) mercury. 

e (2) An aqueous leaching agent, such as a solution of 

I (a) potassium eyaiude 

(6) sodium thiosulphate 
or (c) sodium chloride, 

fl) Metallic Collector Processes. Where silver occurs in a 
copper ore, praetically the whole qf the silver will be found in the 
matte pfoduced when the copper is smelted in the ordinary way. 
In cases where a silver ore is free from copper—or contains too 
little copper for efficient collection—it is clearly possible to mix it 
with a further ansount of ordinary cvppcr ore'and to smelt the 
mixture. The argentiferous coppey matte Is “ blqivn ” to give an 
argentiferous “ blister-copper,” which is then refined electrolytically. 
The silver remains in the,anode slimes, the sub^quent treatment of 
whio)i was described in .‘the'section on copper (p. 49U. A bullion 
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oonsMtiB^.of silver and usually a little gold is obtained ; the parting 
of these two metalil i^ described later. • 

Cop|)er matio is yiow. commonly regard<xl as the most effioicnt 
collector of sil’'\ but molten lead is also largely rised. Most of our 
ordinary lead onts contain silve*, which is Iarg(‘ly found in the lead 
produced by ordinary smelting. Sil ver ores wiiieh are comparatively 
ftce from lead can be mixed with lead ores and the whole mixture 
smelted to give an argontifennis lead. The (hcsilveriration of this 
lead will la^ do.soribod in the .section on lead. There are throe 
main processes dej>ending respectively on- 


The extraction of the silver with molten zinc, in which silver 
/ is more fdilublc than in lead (Parke’s process). 

The electrolyti(^ retining of argentifcrims lead, which leaves 
silver in the’ anode slimes (Betts’ process). 

J ii) The fractionaf crystalli/.ation of the lend. The first 
crystallizing portions contain less silver than the last 
(Pattinson’s process). 


The use of mercury as a eolleiior for silver was formerly 
important, but may now he regarded as ohsole.sci'iit, owing to the 
high price of mercury, and the nuiro coinjilete e.vtraction by other 
methods. • 

In the process' developed in the Ihiitcal States, a oulp of ore and 
water is ground up between iron grinders, in a.i “ amalgamation 
pan”; mercury is .added, together with sodium chloride, crude 
copper svdphate, and sometimes other chemicals 'I’he silver minerals 
are reducerl to the metallic slate by the iron, and the mvdallic silver 
is “ collected ” by the mercury, an amalgam being formed. As a 
rule the iron of the grinding surfa'ts actually functions as^the 
reducing agent for the silver, and the “ shoes ” and “ dies ” (the 
pieces which perfornv the grinding) are generally made renewable. 
SOmetimen scrap-iron, however, is addefl. ^ 

The function of the copper sulphate is probably to set up iron- 
copper couples wiiich promote the reduction, whilst that r.f the 
8 odiun\chloride is probably to keep the iron from becoming paseivo, 
and possibly to act as a solvent for silver chlond.'. Further, 
chlorides of copper arc produced which tend to convert the sulpludt s 
of silver into chlorides of silver by some such reaction as 
CoCl^ + Ag.S CuS -1- ?AgCl. 

Since silver chldride is much more easily i«duccd than silver 
sulphide, the metallurigical reaction is favoured. 


* For further details see W. Gowland, " .MgtaUurgy of the Non-ferrous 
Metals ” (Grifan); (J. ^lui|ibel and H. Louis, " Handbook of Motoliurgy ” 
(UarainiUan). * ■ * • 
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The pulp and amalgam arc separated in settling vjm ; the 
'amalgam is frccdr from excess of raercurj by 'filtration through 
canvas, and is afterwards distillerl, to separate j|he vslatile m'ercury 
from the non-voln(jle silver. The ^lercivy is l‘Y8‘^ly recovered, 
but a small loss (s cnrs eia li time, and, with the present price of 
mercury, this loss eanees the ])roc:es.S“ in most piace.s—to compare 
unfavourably with the leaching processes described below. • 
The amalgamation process works best if the ores are roasted 
with salt before the treatment. This roasting converts the sulphides 
to silver chloride, which as already stated -is much more readily 
reduced than the sulphide ; it also drives off from the ore any 
arsenic, the presence of which is prejudicial to ainalgaination. But 
the roasting adds to the cost of the process. 

The old “ palio proriw,”' fi.sed until (piile' recently on a fairly 
big scale in Me.xieo, was chiefly reniarkabl* in that mercury was 
used not merely as a " collector,” but also as the reducing agent, 
no iron being employed. It is now largidy replaced by cyanide 
leaching. 

(2) Leaching Processes. The .system of leaching with a 
cyanide solution so sueee.ssful in tlie extraction of gold- has Iwen 
applied with great success in Mexico, and elsewheri', to silver ores.® 
The cyanide has no action on silica and on most other gangue 
materials, amh eonse(piently is able to perform the sei)aration of 
traces of silver from a vutv large volume of worthless matter. It 
is generally found eiMivenient to subject tlu! ore to a preliminary 
concentration by a gravity method, and then after grinding to leach 
with cyanide solution in the jiresenee of air. Cyanide acts quickly 
on silver chloride, but less i|ui/L‘kly on the sulphides. The suspension 
of (ICO in the (jyanide f>ath is filtenxl, and th(( clear .solution ohtained 
is treated with alumfciium dust or with zinc, which precipitates the 
(41ver in a finely-divided form. 

Jn some places, as at Nipissing (Ontario), sodium sulphide has 
been substituted for aluminium dust as the actual precipitant 
owing to th(’ high cost of the latter.’ The silver is thu.s precipitated 
as sulphide which is mixed with 8 per cent, sodium hyHroxide 
solution and the mixture is made <to circulate through tube mills 
containing aluminium ingots ; the aluminium removes the sulphur, 
and after the treatmopt i.s complete, the precipitate shows a silvery 
lustre when rubbed on paper. It is them removed by filtration, 
washed and melteci down in a fumacelo give bullion. It will be 

, r 

'C. P. Duarte, J. Chem, Met. Soc. S. Africat 9 (1008), 105. 

• A. F. J. Borcioauz, Trans. Amer. Jfid. Min. Eng. 40 (1909), 764; G. A. 
Tw^y and B. L. Beals, Tktns. Amer. Inst. Min. Er^. 41 (1010)» 324. 

•R. B. Wateon, Eng. MM^ 103 *(1017), S78. I* f 
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noticed'«‘Iiat oven in this modified form of the process, aluminium is 
still used as the feducyig agent; but the anioiflit consumed is no 
doubt'much loss tl^an if aluminium dust were introduced directly 
into the cyanidf solution, r 

Other solveiifakfor silver, such as .sodiidn lliiosulpliate and sodium 
chloride, are onlj^effective if the silver is iiresent as silver chloride. 
IJefore leaching with these reagents, therefore, it is necessary to 
subject the ore to a ijreliininary chloridizing roasting, which can 
beicarritsl out in the same way as (lescribe<l in the treatment of 
copper ores, 'J'hiosiilpliate is still used as a solvent in sonn^ of the 
works where the complex cobalt ores are treatisl (Vol 111, p. 107) ; 
the silver is huUsequcntly precipitated as sniphide. Sodiiiin 
chloride—on the other hand is only an etlectivc solvent ba' silver 
chloride when concentrated, and is now rarely employed for true 
silver ores. Howeverfin the treatment of .S)ianish eop|ier ores by 
the method of “chloridizing roasting " and leaching- Hhich has 
already been discii.ssed in thi' section on copper (pagi^ 44) the 
silver prc.scnt in the ore is brought into solution by means of .sislium 
chloride and i.s tls e |irecipitalcd as .silver iodide by the addition of 
sodium iodide. 

The treatment of the coinple.v ores occurring in the Cobalt region 
has .alreiuly been di.si iisscd in the section on cobalt. It is, however, 
inteicsting to note at this point that many of the ores coming from 
this region are subjected to a concentration jirocess in order to 
obtain an enrichment of silver in certain portions, and that not only 
gravity concentration, but also llotafion. lias been apjilied with 
satisfactory results.' Attempts made ebeuhere to ap|ily flotation 
to silver ores have not been in evei;y case successful. Xome of 
these attempts were “war measures" caused by the neefi of 
economy for cyaniilc during the war ; notation has been starteil and 
abandoned at several pliwcs in Xevada and at ('ripple CreA 
((Colorado),* but it IS said to be jira* li.scd in Mexico.'’ • 

A rather interesting example of silvcr*leaching is carried im in 
(Jermany for the extraction of silver from the argentiferous collier 
mattes*obtained from the Mansfeld copjier ores. T^'. mat' i is 
roasted under such condition.'t that the eopjier is converted t<i 
oxide, and the silver to sulphate. The silver sulphate can be 
extractetl with water and the silver is tlyjjwn down with scrap 
copper. The insoluble jopjier oxide is mixed with fuel and reduced 
watcr-jacketc<f blast-furnaces yielding metijilic eopjK-r, 

*» • 

* K. E. Dye, Trans. Can. Mtn. InH. 20 (1917), II; J. M. CalJow and B. 

B. lliomhill, Trana. Can. Mm. Imd. 20 (1917), 28. » 

* G. H. aevenger, Eng. Mtn. J. 105 (1918), 743. 

*H. A. Megniw, En^ MX J. *05 (1918), 
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Parting of Gold and Silver. The bullion derived eitifer from 
silver ores or fromi?old ores almost invariably cOiAains bom metals, 
and often other less valuable constituents, isuchjas copper anfl iron. 
Where the precious metals have bccyi cxl^-acted f>y leaching and 
precipitated with zinc, th(» bullion often containsyzino and lead as 
well; but these eaaily"oxidizable elements can largely be eliminated 
if the precipitated metal is melted under a flux containing nitro ^ 
which is occasionally stirred into the fused metal. 

The parting of the main valuable c()n.stituent.s', gold and silver, 
is carried out in diftcTent ways, but it is generally necessary to start 
with an alloy containing not more than about 40 per cent, of gold. 

If the bullion to be treated i.s found to contain more gold than this 
amount, it is molted with some other sample of crude silver contain¬ 
ing but little gold, st) as p) give an alloy with a lower gold-content. 
Whore the sulphuri(! acid process is to be nised the alloy should 
contain otdy 18 -20 ]icr cent, of gold, but it may be made as rich as 
30-40 JKT cent, if electrolytic refining is contemplated. 

The older method of [larting consists in the treatment of the 
alloy with concentrati'd sulphuric acid, which dissolves the 
silver, but Icaies the more noble gold in a brown porous form. 
The alloy is first granulated by being jioured molten into water; 
the granulated hnass is then treated with suljihuric acid in kettles 
of white cast-iron, which aro slowly heated to the boiling-point; 
sulphur dioxide, which is given off in large quantities, posses oft 
through lead pipes.* Special arrangements mu.st bo made for 
absorbing the gas, which is sometimes reconverted into sulphuric 
acid and sometimes utilizi'd in other ways. When the reaction is 
over, the whole coi\tent8 of^the pot are siphoned into lead-lined 
vesjjfils containing water. The sudden diluting of the hot con¬ 
centrated acid cause^i a most violent commotion; after this has 
subsided, the brown gold settles quickly to the bottom. The clqar 
silver sulphate solution is drami off to another vessel in which the 
silver is pre/iipitatcd by means of scrap copper or scrap iron ; the 
precipitated gold and the precipitated silver are .separately washed, 
dried, and melted down. In the melting of gold, an oxidiring flux 
of nitre is generally advisable to eliminate traces of load, which 
would catiso brittleness. On the other hand, in silver melting— 
at any rate in the final stages—oxidizing conditions are dis- 
' advantageous, since they would Ifad to viojent “ spitting.” Somfe; 
times the molten’ silver is covered with*charcoal hnd stirred with iT' 


birch pole before 'it is allowed tq solidify, thus* preventing the 
spitting. * 

At one time, nitric acid used, instead of sulphuric acid, for 

, • MV. ^toH, JUel. u.»a*, 13‘(191tl), 298. • 
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panmg’’ ouv ii na« proved too expensive. Indeed even the 
sulphuric acid prAcess is tending to bo replaced «by the eleotrblytio* 
method, in w’nch ^he consumption of acid is avoided altogether. 
Electrolytic oyting ic ua*ej almost exclusivsly in the American 
refineries, and hw boon iwlopted at several of the larger refineries in 
Europe. In the American Mints, * the partiiitg is eari-ied out in two 
^ages, thh first stage producing fine silver, and the second stage 
fine gold. In the firxt stage, ingots consisting of the crude bullion 
with 30-^ per Cent, of gold arc wrap|)ed in cloth bags and are 
made the anodes in a solution containing 2-r) ]ier ('ent. of silver 
nitrate with about 2 per cent, of free nitric acid contained in a tank 
of stoneware. Tb« cathodes are thin shei'ts of silver, being tnnig, 
like the anodes, vertically in the cell. Each cell may contain, 
])erha])s, five cathode* and four bajts containing anodes arranged 
iM'tween tbeni. Six <*> twenty cells may bo eonneetisl in series, 
and an E M.F. of about 0-S volt per cell is a|)plied ; the .solution is 
soTiietimes ke|)t in motion by means of a glass propeller, arranged 
in the centre of each cell. Silver i.s dissolved at tln^ anode, and 
silver ery.stals of ,i' "r per cent, purity are formed n))on the 
cathode ; the gold remains, however, nmlissolva'd in the form of a 
spongy mass in the amsle bags. 'I'be. cathodes .are generally taken 
out it intervals and the. silver crystals are brusiKfil olT; in some 
plant - a device is installed for brushing off the silver continuously. 
Thi' silver crystals after being drained and washed are sent to the 
melting room, where they are melted dovvi, jind east into bars. 

At one time it was evistomary to add a little glue to the electrolyte 
in order h) improve the char.ieter of the cathode dejiosit, tmt it is 
stated that this jiraetice is now abandoned.= 

^j^I'he solution tends to become wcaki i- in silver, and silver uibrate 
is periodically added. When impurities have eolleeti'd in the 
solution to such an extei\t that the cathode product is Iieginning bi 
suffer in quality, the solution is replaced q'he silver present iikthe 
discarded bath is usually recovered by ejeetrolysis ingi cell titled 
with an insoluble iion anode; in some refineries, howi ’ er, it is 
precipitated by means of scrap copper. * 

The anode sponge, consisting mainly of gold, is melted down, 
and used in the production of the anodes for the secdlid stage; 
these anodes still contain much silver. In the second stage,, the, 
electrolyte consists of ^ solution ^)t gold cllforide (4-7 per cent, of 

• • J 

* H. J. Slakcr, iCng. Mtn, J. 90 (kOIO), 214 ; E. B. Durham, Eng. Min. ,T. 

92 (1911), 901, 9,S0: tx. 0. Griawolil, Trans. Amer. Electrochem. Soc. 35 
(1919), 251. . . 

* F. C. Mathers and 3. R. Kuebler, Trans. A mer. Eleetrochsm. Eoc. 29(1916), 
417. 
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^old) with free hydrocliloric acid (10 i)cr cent.); the o&thodes 
consist of pure gokl. An E.M.F. of l-l volts-plr cell Unapplied. 
The hath is heated by steam and is agitate^ liy^ncans of a rtipidly 
revolving propeller., The anodic hehp'iouf of gol(| and silver in a 
chloride solutioti is differcKt to tliat in a nitrate j^iliition ; gold is 
dissolved anodieally, whilst silver remains, as the msoluble chloride, 
in tile slimes. On the cathode, gold of above !)()•!) jier cent, i# 
obtained (if desired it can be pnrilied still further by a second 
electrolytic refining). Ttie deposit on the cathode dws not readily 
strip, so that the cathodes are |icriodically withdrawn to be melted 
up, their place being taken by fresh cathodes of thin gold. When 
the electrolyte becomes foul it is renewed ; plat,imim, if present, is 
usually recovered from the spent electrolyte by the addition of 
ammonium chloride; the, afnmoniiim ]ilatiniehloride. which is 
precipitated, yields spongy jilatinnin on ifyiition. 

Otlier parting methods are used to some extent. The Miller 
process is u.seful for the relining of bullion in which gold is the main 
constituent. The |)roce.ss consists in blowing chlorine gas through 
the molten bullion ; a layer of molten .silver chloride appears on 
the surface of the gold, whilst the baser impurities are also 
eliminated (i)artly as a fume). 'I’he method has long been us(d in 
Australia, for ft'eating gold bullion containing 4 II per ceTit. of 
silver and 5 per cent, of base metals. It has ri'cently become usual 
to blow air and (ddorine simultaneously into the. molten gold. At 
the commencement o^the process, much air and little chlorine is used, 
and the base metals, which are easily oxidized, are thus removed. 
Afterwards the supply of chlorine is increased, and the silver also is 
attacked. In this way, the complete removal of the base metals 
likejead (which lenders the gold brittle) is brought about without 
serious loss of preciyus metaks. * 

• The process is now u.sed in South Africa,-.and in a slightly different 
forip in ('anada.'' 

“ Parting Limits.” -It, is convenient at this ])oint to refer to 
the recent investigations of Tanimann into the theory of gold-silver 
parting by ineans of corrosive ludds or by anodic corrosion. "Clearly 
in the parting of an alloy containing little gold, the removal of the 
atoms of silver will allow the corrosive agency to penetrate into the 
interior of the alloy, !\i,i(l the corrosion will continue until the whole 
of the alloy is desilverized and hearly pu»e gold is left. On the 
other hand, if the Jdloy contains but little silveV, the removal of 
silver from the surface will inerely* cause the formation of a layer 

, > R. R. Kalian, Trans. Inst. Min. Met. 28 (1919), 35. 

•«. .4/ricnii Milt., Eng. J. 32 (1921). 487.' 

• • M. W. von Booiowiti, MtK. Jnd. 28 (1949), 298. , 



SILVER 


of almcfct pure gold, which will stop further pehetration. Taninuuiii ‘ 
has invoMgatcd'the question of the proportion of silver atoniif 
necessary to allow^of 'continued parting, and has deteriuiiHHl the 
limits of composition \j'hieh^are necessary wijh dilTerent kinds of 
corrosive ageneVs, Thus he finds that alloys in whii h less than 
half the atoms consist of silver are not ap))reeiahly attacked by 
foiling nitric acid, except on tln^ surface, whilst from (Inwe in which 
J (or more) of the atoms are silver, jiraetically the whole of the 
sili'cr is removed by that reagent. 

Tammann has studied many other systems of metallic mixe<l 
crystals and finds that for metals erystallii'.ing in the euhie system, 
the '■ parting limif,” usually oeeiirs when either 1, 1, ii, or j 

of the atoms consist of fhe inori' attackable eoinponenf , he has 
con.sidered the significance of 1111 .+ tact in ecaim-elion with the 
arrangement of the ^toins on the si>aee-laltiee 

Silver-plating.- It is wi'll known that a thin, smooth and 
adherent coating of silver is freiiuently apjilieil to artieh.s of less 
resistant materials, such as tJi'iinan silver, to protect them from 
attack and to improve their ajipearanee. The plated table.ware 
now mannfaeturecl consists generally of (lerman silver coated with 
silver; another material used as tlm basis in silver-jilaling is 
Hrii.innia metal, but this is now used miieh less than («ernian 
silver The thickness of the siher-eoal applied may vary from the 
thinnest film up to about I oO inch ; in special eases thicker deposits 
are called for. The plating is always broi^dit about by making 
the objcfd' to la- eoattal th-' cathode in a suitable silver salt solution. 
Oppo.sitc t In-eat In ale. anodes consisting of silver])lat('S are suspeinhal, 
and whilst silver is de|)o.sited on fln-yathodi'. it is ilissolved at the 
same rate- from the anode, the strength of the bath la-inj^thus 
maintained 

, A solution of a siinplasilver salt like siber nitrate cannot be u^'d 
in ('le('tro.])l,ating, sinei- such a solution does not yield a uniforuieoat 
of silver, but either a granular erystallpn* deposit, or .i Jilaek sponge. 
It has been found, however, that a very uniform and eoinjiael^ film 
of silver can be obtained if a solution consisting of the double eyeiiide 
of potassium and silver be tisuil as fhe |ilating-bath ; the batb can 
be obtained by dissolving either silver chloride or silv-er i+yanide in a 
solution of potassium cyanide. The eiUTiait density must not Ixi 
too high, or the quiJifiy of theflejiosit will siifler. Usually about 
• • * 

>(;. Tamina.*,, ZcM. A„org,Ch,m. 107 (l»l«). I; 112 (l«20). 233i 
114 (1020), 281 ; Ztilm-h. MiUiUk.iiiJi, 13 (1021), 401). 

• A complete list of platiiia bath reripoi is given liy K. C. Krary, '^rant. 
Amer. Ekftrorhan. Mor. 23 (1913). 02 'rtie Sarly Inslory of platm;- is do- 
aoribed by I}. E. Lei^ler, T. 32 (tglO), 305. • ^ 
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0-3 amps per 100 sq. centimetres is allowed. A ’speciallj^ bright 
deposit may be obtained if the bath is saturilted with carlxin 
disulphide, but this brightening bath is usu!illy^only*emplo 3 «d for 
the final stages of plating, * ^ ^ 

The smooth and fine-grained character of the deposit obtained 
from cyanide baths has been referred to in Chapter XI of Vol. I; 
it i.s probably due to the high polarization obtained in baths in whiclj 
silver cations are only present in very small amount. The brighten¬ 
ing action of carbon disulphide may be compared to the action of a 
protective colloid. A slight e.vcess of pota.ssium cyanide in the 
solution is usually recommended to ensure the regular dissolution of 
the silver anodes, and to ])revent the formation of a film of insoluble 
silver cyanide upon the anode surfac(^ 

The surfaces of the articles tb he plated nnwt bo .scrupulously free 
from grease and from any film of o.xide, or the, silver-coat will not bo 
sufliciently adlierent. Oxide must first be removial, as far as 
possible, mechanically, then grease is dissolved away by immersion 
in a hot alkaline bath ; it is advisable finally to dip the article into 
an acid l)ath, in order to dissolvi' the film of oxide that is generally 
still jirescnt upon the metal. Oerman silver aitiole.s—just before 
being |)lated- - are often dipi)ed into a solution of a mercury salt, 
preferably jiotaSsinm mercuric cyanide, so as to obtain upon the 
surface a coating of metallic mercury or an amalgam, the oj)eration 
being known as “ quicking.’’ 

The mode of su.spen,vion in the j)lating-hath varies with the shape 
of the object to be ])latcd. Objects like spoons are usually hung in 
a wire loop ; where the shape would render this form of attachment 
diilicidt, the objects can be jJaced in a wire basket. In any case, 
the yiri^ attach nn-nt or ba.sket serves to connect tln^ object to the 
negative pole of the l)attery furnishing the (Uirrcnt. 

»Kre(piently the plating is commenced in q rather dilute strikin^- 
batlp” at a very high current density; but after a momentary 
immersion in this, the ar^jcles are transferred to the plating-bath 
proper, where the current density is lower. Usually they are 
tinislicd in a “ brightening ” bath containing carbon disutphide. 
Alter plating, the articles arc washed^, burnished and finally polished 
with rouge, an agent which exerts a very distinct dragging effect 
upon the silver and pnxluces a smooth (possibly amorphous) film 
ujmn the surface, therdby conferring the wel^known brilliant lustre. 
A certain amount otrouge is probably retained ondhe surface film; 
silver polished with Vouge is porcept^[)ly darker thantSilver polished 
with magnesia. Indeed if the rouge is not applied in the most 

' i^orao avithoritics, imiiuliVg Laagbein, consider tlsj addition of carbon 
disulpfiido a mistake. ‘ f , 

♦ , t . 
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8uitablo»manner ^e.g. if it w applied to the surface wlicn overheated) 
distinct ml staini oiay be produced on tlie sirfaee,' 

As is the cape of all blectro-ohemical processes in w hicli there is 
a considerable quantity ^f prt’cioua metal “ loelojl iij) ” permanently 
in the plant, a g^at saving w'uld be eilis'ted if the euiTent density 
could be inereasdl. Under ordinary conditions it is inqiossible to 
iwe a current density exceeding about 11-4 amjis. per square foot, 
since at high current densities tlie deposit becomes " Inirnt.” 
Rcqent experiments witli alkaline baths containing ]iotassiu’ni 
carbonate apjiear to indicate that good (le])osits can be obtained 
with current densities as high as S amps, per sipiare foot.- 


; 


Silvering of Glass. It is convenient at this ]ioint to refer to 
the production of mirrors by beating glass uben in eontael with a 
solution containing ;» suitable silver eomjiound The silvering 
solution usually contains silver nitrate, excess of ammonia, and 
some organic reducing agent such as a tartrate, an aldehyde or 
glucose. One bath wbieb is .saiil to be very siiece.ssful,' when 
properly manipulated, contains silver nitrate, ammonia, tartaric 
acid and white sugar. Such a solution altliongb siillieiently 
stalile at low temperatures ■ dejiosits siher as a briglit film when 
warmed in contact with gla.ss. 

Alloys of Silver. Apart from the eases of eleetro-|ilatmg and 
inirroi-making jii.st inentioned. and its oeeasioiril use for \e.ssels 
employed in the laboratory for the heating ol eorrosive substances, 
such as caustic alkali, juire siher is but lillle il^eil. 'J’lii' “ .standard 
silver” used in the arts is a silver-eopper alloy eontaining 7-.'> 
per cent, of eojiper or other alloying element. The e<pnlibrium 
diagram of silver-eopjier .alloys was di.suiissed in I'bapter IV’ (V'ol. I) 
as an example of an alloy-sy.stein with metals whieb form nitxeil 
crystals throughout certain limits. It may be roe ailed that in the 
anpealed state, • 

Alloys with O-.V per (amt. of eojipia laaisist solely of crystal^ I'f 
cupriferous silver. • ' ’ 

Alloys with 0-27 per cent, of eo)iper consist of crystals of eupiifeji us 
silv’or in a eutectic. . 

Alloys with 27-94 per (amt. of eo^ijier consist of eryst.ds of qrgen'lfer- 
ous copper in a eut(a tie. 


* A. Jotferaon. J. JnM. Act, 28 (1922), 447. . 

•F. Mason, Trans. Faraday ^or. 16 (1921). 934. (Junpnro G. B. Brook 
and L. W. Holme*. Trans"Faraday ^oc. 16 (1921), 524, who suggnst. that tho 
alleged superiority of “ old " platiug hulhs over newly prepared baths is duo 
to the accumulation of carbonates in tho former; tho cnrbonut« inergaso 
the conductivity. • * *• 

* G. Martin,^*' Indust^id f^cmisgrg ’* (f'wisby^Lockwood). • 
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Alloys with 94-100 por cent, of copper consist solely of'crystals * 
• of argentiferous copper. . a < 

The employment of *‘ standard silver Aeptmds on the stability 
in air, the f)eauty^and good wearing qualities of the alloy. It 
keeps its lustre well in prditiary air, although /ne older variety 
tarnishes in air containing hydrogen sulj)hide. 'Recent research 
at feheffield has evolved a new “ stainless silver,” which does not 
tarnish. ' 

The now British coinage, introduced in 1020: contains only 
flO per emit, of silver. Tln^ silver-content is fixed by law, but the 
alloying material is not legally .si)eeilied; hitherto nickel with a 
little copper has been em|)loyed as the alloying, material. 

The Use of Silver Salts in Photography 

General. A large quantity of silver is ('onsiimed in the manu- 
fnetur(^ of j)hotographic plates, lilms and jlapers. It has already 
been mentioned that the halogen compounds of silver darken in 
the light, and that many otlu^r salts becoiiK' reduced to the metallic 
state when exposed to sunlight in the prcs(‘nce of organic matter. 
The decomposition of the halides also is greatly aided by organic 
matter ; if a suspension of silver chloride in gelatine jelly be exposed 
to the light, a fcddish colour is (|uickly produced in the jelly. The 
early chemists ascribed the colour-ebaTige jiroduced in silver chloride 
to the formation of sub-chloride, such as Ag./'l. It is now certain, 
however, that part of the silver chloride is decomposed by the 
light into chlorine ilnd silver 

2.4g(,'l 2.Ag I (1, 

and that the silver produced remains disp-rsed in th(! silver chloride 
as particles of colloidal sizd; the coloration is, of course, due to 
these colloid ])articles.* 'I'hc same red colour is formed by the 
jebsorption of colloidal silver, sci)arately lueparcd, into silver 
chloride. Brightly-coloured bodies can be obtained containing 
less than 1 per (‘ent. of reduced silver, and the colour varies with 
the conditions of formatioii, as is so often the case with colours 
duv! to colloid particles. It is unlikely, therefore, that tbo hypo¬ 
thetical sub-chlorides referred to above have any real existence. 

If u clear crystal of silver chloride is exposed to light, the growth 
of the partickai can actually be observed by means of the ultra¬ 
microscope. On exposure, the surface bc'comes brown, and after 
a time particles bgcomc visible under^the'ultra.microscope ; if at 
this stage the crystal is removed from the lighj and heated at 

* Lup(> 0 -CrAincr, Koll. Zfitsrh. 2 (1908), 103, IS.t, 360: W. Kcindera, 
Zeitsch. Phyn, ('hem. 77 (1911), 213. A good summary of different the<^e8 
is given by F. F. Renwielt; J. Soc. Chem. Ind, 39 11920), 166t. 

. ' • i I 
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360® C.,*the gro\*th still continues. The cloudiness caused by the 
particles ef silver jn the crystals is in every way, analogous to the 
metallic fogs which can be produced in .salts of lead.* 

When silver hmiuuh is exposed to the light for a short time, 
there is no cli.il,' 4 go in its oijtwnrd a])ji''arancc, although a long 
exposure eauso* »lie colour to bccoiuc light grey or brown, bromine 
bc-ing set free in recognizable amounts.^ However, even a very 
sltort exposure to the light is capable of bringing about sufficient 
reduction to fauso a notable change in the behaviour of the silver 
bromide towards reducing agents, Oi'dinary sib'cr'broniide, jire- 
pared in the dark, is not (juickly reduced to the metallic state 
by such reducing agents as jiyrogallol made alkaline with sodium 
carbonate. The bromide, however, after a very short exposure 
to sunlight, suffers .sonic change which causes it to be readily 
reduced by alkaline jiyrogallol. Aj)|iarently the small jiarticlus of 
reduced silver jirodiiced by the light act as nuclei which aid the 
reduction of more silver bromide, .somewhat in the same way that 
the addition of a small crystal of sodium sulphate to a large amount 
of the sujH'rsnturatcd solution of that salt initiates the crystalliza¬ 
tion, which wlien once started jiroeeeds ajiaee.-' 

The action of organic matter in facilitating jihotolytie changes 
apjiears to be an indirect one. Heaetions such as 

2.<\gCI -i/Vg-lCL 

involve an incre.une of frei' energy in the system, and cannot occur 
spontaneously unless light is falling upon the s.dt, the energy being 
then supplied by the light. If no organic substance were jircacnt, 
the dccomjiosition would soon be balanei'd by the ojijiosing change 
2Ag-l-Cl., - tiAgCl 

(which involves a tkcri'aac, in free energy); when the light ceased 
to beat ujion the silver salt, the silver and efdorinc (if the latter 
had not diffused away) might recombine completely. Hut. in ^le 
presence of organic matter, which will react with the ehloiiiie a« 
quickly as it is Idierated, the reverse cnangc is impossible. In a 
photographic plate or “ bromide jiajicr,” the gelatine, besides nctHig 
as emulsifying agent or vehicle, also acts as an absorbent for the 
halogen produced; in the “ printing-out-pajicrs,” as wo : hall seo, 


* R. Lorenz and K. Hiego, Zeiiach. stnorg. Vhc.mt'Vl (IDlf)), 27. 

■ Seo R, Schwarz and H. 5tock, Brr, 54 (1921), 2111. Tlio loss of weight 
due to the loaa of Iialogen on oxponuro to light can t)e\ict«cted. Seo E. .T. 
Hartung, Trans. C^m. Sou 121 (1922), 082. Compare P. P. Koch and F. 
Schrader, ZeUsch. Phys. 6 (1921), ll7. 

• Compare S. Pi. Shephard and C. E. K. Mi'es, Pror. Hoy. Soe. 78 [A] (1900), 
461 ; S. E. Shephard, 7,’rana. Amer. EkHrachem. 39 (1921), 429 ; S. E. 
Shephard and A. P. H, Trivotti, Photo J. 61 (1921), 400. 
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a special halogen-absorbent, usually a citrate, « presei^ in the 
emulsion.* , ^ , 

Manufacture and Use of Plates, Fil(ns ^nd JPaperai^ The 
so-called " omulsifjfi ” used in the nmliufiwture of plates, films and 
“ bromide papers ” consieits essentially of a susiAmsion in gelatine 
of small crystals of silver bromide (or mixed*crystals of silver 
bromide and iodide). It is prepared in a dark room by mixing 
a concentrated solution of potassium bromide (and often iodiSe)' 
containing gelatine, with a concentrated solution of silver nitrate. 
Owing to the presence of the gelatine, the silver bromide is not 
precipitated in tlui ordinary form, but remains a.s particles of 
colloidal size. After mixing, the emulsion is,subjected to a pro¬ 
longed heating, or “ rij)cning.” The function of the ripening is to 
cause the growth of compafatively large silver bromide crystals, 
about in diameter, that is, of a size^<>a.sily visible under the 
microscope. Most of the crystals present in the ripened emulsion 
consist of hexagonal or triangular plates, although hero and there 
a rod-shaped crystal may be seen; _it is noteworthy that all the 
crystals actually belong to the cubic system, their shape being due 
to the umvjual development of the dilferent faces. The increase 
in the size of tlic grains during the ripening process causes the 
emulsion to Become increasingly sensitive to light; a reason for 
this increase of sensitiveness with the coarseness will be suggested 
later. 

After ripening, t^e emulsion is usually alloHcd to cool and set 
to a jelly, which is cut into .shreds, washed free from potassium 
nitrate, and again melted. It may now be used for coating glass 
plates or ])a])er; in the manufacture of “ films,” a transparent 
llej'ible support such as cefluloid, or cellulose acetate, is employed. 

If such a plate or film is placed in a camera, and an image of the 
•object to be represented is cast ripon if by means of the lens, a 
8i\'all amount of reduction will take place in the parts which" are 
reached by the light. 'Pie amount of reduction depends upon the 
intensity of the light reaching tho plate. If the exposed plate is 
afterwards immersed in a “ developing ” bath, containing sodium 
pyrogallate, or some other organic reducing agent, the silver bromide 

V 

^ For further information regarding tho absorption of halogens by gelatine, 
end tho '' rovoreal ’' cbiBsequent uppn a long exposure to light, see B. E. 
Crowther, J. Soc. Chem. Ind. 35 (1910), 817.« 

• Tho macliinery find methods used in plntc-nianufarture are described by 
A, J. Munro, FhotoV. 60 (1920), 209. Tho general process is discu^ed by 
C. E. K. Mees, J. Soc. Chetn. Ind. 31^(1912), 307, and %he structure of the 
coating by C. E. K. Mees, J. Franklin InM. 191 (1921), 631. The colloidal 
olTemistry of emulsion-making, yvith details of crystal-size, is discussed by 
R. E. ^laile, Brit. Aafioc.T''ji.,88 (1920), Apj^ndi^, p. 74, 
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will be reduced in the parts which have l)con affected hy the light, 

the reduction being ■most conspicuous where tlfc light has been 
most intense. Thi^pr(Jduces a “negative” image on the plate, 
.representing the object phft^graphcd, but rwersed ns regards 
light and shade. ’\\Tho insoluble silver brSmide remaining can now 
be dissolved out by the action of a solution of sodium thiosulphate, ‘ 
the operation Iieing termed “ fixing.” 

In order to make a reproduction of the lecture which shall not 
be reversed as regards light and shade, a piece of “ bromide ” or 
“ gaslight ” pajK'r coated with a similar but less sensitive emulsion 
is pressed up against the gla.ss negative, and exposed to the light 
through the latter.. After the pajier is developed and ti.ved, a 
“ jiositive ” image in black linely-divided silver is obtained. 

Grain-size and Sptfed. It is now po.ssible to consider why a 
coarse-grainetl eimilsion»whieh has been fully “ rijicned ” is gener¬ 
ally more sensitive than a fini'-grained emulsion, ft is fairly certain 
that if once a ” nucleus ” of metallic siher appears at any point 
on a grain, tlu! whole grain beeomes ” developable,” that is, capable 
of reduction by hk' developer. 'I'his important fact has been 
ascertained by taking miero])hotographs of the developed but 
unfixed plate; these mieroiihotograjihs show that^some of the 
silver halide crystals become completely blackened whilst others 
ore unchanged. If the time of developing has been very short, 
we may meet with grains which arc blackened only in one ])art; 
but in a fully-developed image each grain is Jithcr wholly black 
or else wholly white. K%idently, therefore, if reduction has com¬ 
menced at any point on a grain, it is able to e.\tcnd over the whole 
grain. Now the large grains will olTer.a larger “ target ” to the 
light than the small ones ; the “ chance ” of a large grtiin bccoinffig 
effected by light at some point, and thus becoming " dovelopabh! ” 
is greater—other things being equal than the chance ” of a 
small grain. Careful measurements have shown that, in one pift- 
ticular emulsion, an exposure which capsfs 80 ]K“r cent, of the 
largest grains to become developable will only cause 0-0 per cent, 
of the sfflbllest one.s to become developable.' In brief, klie loi-ger 
the grain-size, the greater the amount of metallic silver which will 
be produced by growth from a single nucleus. In general the growth 
from a nucleus will not extend outside the grjiij in which it exists, 

although where the graios arc in* contact, one may “ infect ” 

• 

‘Th. Svedberg, Z<^srh. IP«w. Ptwfeo 20 (1920), 36; Fhoto J. 62 (1922), 
183, 186, 310; Th. Svedberg and H. Anderason, Photo J, 61 (1921), 326. 
See, however, S. E. Shephard and A. P. H. Trivelli, Photo d. 61(1921), 400s 
F. F. Eenwick. Photo J. 61 (1921), 333. C(ftni>are*al8o L. Silberatem, PhiL 
Mag. 44 (1922), fil. 
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another.' The complete consideration of the various factors 

determining tlie*working “speed” of a plat* is too'lengthy a 
matter for inclusion in the present work ; ^efc^(mcea^hould he made 
to the classical \w)rk of Hurter a^ D-iflield, to whose lahours- 
the existing systems of ftieasuring plate-speeds k d'.ie,' as well as 
to later writings oir tlu; same subject.' 

Croat interest attached to the manner in which the nuclei /are 
distributed throughout the grains sporadically according to the 
laws of chance, and espt'cially to the application of the quaiatum 
th(!ory to photolysis.'* Rcianit researches have made it probable 
that the nuclei —although they only become ctTcctive as such after 
exposure to the light or some similar trcaRnent—may actually 
have existed, in some sense, from the moment of the prr^paration 
of the emulsion. It is possible to rcndciy the grains developable 
by other treatment than ex])osure to light-- for instance, by treat¬ 
ment with sodium arsenito solution. If after such a treatment, 
a plate is developed with an ordinary developer, the reduction 
commences from nuclei which arg (iistribiited throughout the 
grains in exirctly the sanu^ sporadic manner as the nuclei jmiduced 
(apparently) by the action of light.*' ft is fairly certain that the 
true nuclei consist of something in the grain which even before, 
exposure was not silver bromide.” Many authorities think that 
the true light-sensitive material is a small amount of colloidal silver 
which is inevitably present in tin; silver halide from the moment 
of its preeipitatioo. If so, it seems eoneeivable that the true 
function of the light is to cause coagulation of the colloid, thus 
causing at certain points aggregates large enough to act as nuclei 
for the reducing action of the developer; it is known that light 
can cause the flocculation of a colloidal solution of a metal in water,’ 
although it seems rather less easy to ])ieture the phenomenon 
^ occurring in a crystal. An alternative, view is that the light striking 
tiio I’olloidal silver may, by the ordinary “ photo-electric cllect,” 
cau.se the splitting oif.oj an electron, which may be absorbed by 
^he silver halide around, and cause the decomposition of the latter. 

* A. P. ‘H. Trivelli, F. L. Higlitcr and S. E. Shephard, Photo J. 46 (1922), 
407. 

*F. Hurter and V. C. Driffield, J. Sor. Chem. I ml. 9 (1890), 455. See 
also C. E. K. Me<?a, J. Roy. Sor. Arts. 68 (1920), 699; A. W. Porter and 
K. E. Slade, Phil. .V«#. 38 (1919), 187. 

* E. P. Wightinan and S. E. Sh^hard, Bri{ J. Photo. 68 (1921), 169, give 

a good summary.* ^ , 

* J. Eggort aud* W. Noddack, Sitziingsbrr. ^reuss. Akad. (1921), 631. 

' W. Clark, Brit. J. Photo. 69 (1222), 462. i. 

* F. C. Toy, Phil. Mag. 44 (1922), 362. Compare F. F. Renwick, J. Soc. 
Chsm. Ind. 39 (1920), ISOr. 

* E. B. Spt'ar, P. F, doOtta, A. S. Neave and M.^Scldager, J. Amor. Chem. 

■'i-e. '43 (1921), 1385. ' f , 
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Such an idea is confirmed by recent work on the darkening of 
chloride, cniidsions ♦ (irepelow ); tlie darkening is’slow at first, but 
aftcrwa^(3s l)ccf(ni('s*fasi;, ai)j)ari‘ntly l)ccausc the freshly-reductHl 
““silver itself acts as a light-sevsitive substance ; finally the action 
Wonies slow aga.n, mainly because! the‘reduced siher begins to 
obstruct the passage of light to the unchanged portions below. 

, Printing Papers. As already stated, the ordinary “ bromide” 
paper used for making jxisitiees is coated with an emulsion similar 
to tTiat used for jilates or films, although rather slower. “ (las- 
light ” paper is coated with a still slower emulsion, which can tie 
develo[X!d with safety in diffused gaslight, both bromide and 
gmslight jiapers reeene no visible image during ))rinting and reiphro 
to be develo|)ed like plates. 

Amateur jihotograptiers often prefer to use a “ ]irinting-out- 
pajH'r,” or “ I’.O.P. " 'i his is pajier coated with a gelatine emulsion 
containing silver chloride and silver citrate. If exposed lo bright 
light through a negative, a visibki image is ])rodueed owing to the 
reduction of the citrate to form colloidal silver which, adsorbed 
upon the siher cnioride, gives one of the redilish adsorption-pro¬ 
ducts mentioned above. The fact that a visible image is jiroduced 
is very convenient, since it enables the inexperienced,])hotogra])her 
to judge when the printing is complete; it also dhspenscs with 
development. On the other hand, the image, if merely freed 
from unreduced silver salts by “ fixing ” in thiosulphate, would— 
in many cases—have an un])lensing yellowish-iirown colour. It is 
therefore “ toned ” with a solution containing a gold salt in such a 
way that the silver is in part replaced by the still more noble metal 
gold. The finely-divided gold is black or bluish in colour, and the 
image assumes a hue which is pleasing to the eye. 

At pre.scnt, most commercially jirepared papdts of the “ printing-^^ 
outt” type are *'self-toniilg.” Either the jiapers themselves con¬ 
tain sufficient gold to cause the toning reaction to take place wh?n 
the print is immersed in the fixing batli lif sodium thfosulphatc, 
or the composition of the emulsion is adjusted in some other w»y 
so as to give an imago of pleasing tint. The colour of the imago 
obtained on P.O.P. dej)cnda primarily on the size of the silver 
particles, being {like the colour of silver “ sols ”) reddish when the 
particles are small, and bluish wlnjn they ar» large. 

Orthochromatip Plnfes.^ It is well known *hat only light of 
high frequency is cai>able of affecting silver’ salts. Ordinary 
(“ unbathed ”) pliotographic places are practically only sensitive 
to the ultra-violet (invisible), violet and bluf rays ; red and yellow 

Weigert find W. 3choUcr, Sihdnysber, PrdUte^ Akad. (1821), 841. 
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rays have no action upon them. According to the quantiyn theory, 
the light energy is taken up by the molecules in definite propor¬ 
tions, probably one quantum for each, "loIPculf. Now in Oio case 
of the red rays a qirtintum is a conqiafetivdy smalt parcel of energy, '' 
whereas in the ultra-violet rays (which have afinuch higher fre¬ 
quency) the quantuih is a big parcel of energy, which may easily 
bo sufficient to bring about the decomposition of the molecub, 
where the small parcel jirovided by the red radiation would fail 
to do so. • 

Now for many )>urposcs the fact that jilates ari^ insensitive to 
red light is by no moans a disadvantage ; it enables the photo¬ 
grapher, for instama', to use a ruby lamp for th6 jiroee.ss of develop¬ 
ment. It causes, however, q completely wrong rejirescntation of 
colour values in the picture, since tin? raf's which mainly affect 
the eye are not those w'hich mainly affect liio plate. It has been 
found that if the plate bo “bathed” in a solution of a suitable 
dye-stuff, it often becomes sensitive to light of the colour absorbed 
by the dye. 'I'hus erythrosine, a dje which absorbs green light 
(and which possesses therefore a reddish eohair) renders a plate 
sensitive to green. The common " orlhoehromatic ” jilate is a 
plate which l^is been bathed in some dye of this eharaeter, and 
which has become scaisitive to green and possibly to yellow ; .such 
jilates can still Ix! developed in ruby light. Other dyes, such as 
pinaverdol and pinacyanol, rimder the plate semsitive to red rays. 

Hy choosing a srtitable combination of dyes, it is possible to 
obtain a “ ])anchromatic ” plate sensitive to all the rays of the 
visible spectrum. Such a plate is best develo])ed in total darkness. 
Panchromatic plates are essential for colour ])hotography, and are 
grdhtly superior to ordinary jrlates for l()ng-distane(^ work.* Ultra¬ 
violet light is so nmeh absorbed by the atmos])here that attempts 
to take photographs of ffistant scenei'y (mountains, etc.) with 
plfltes insensitive to die longer waves almost always lead to dis- 
appointnirtit. On the ■ other hand, with panchromatic plates 
oxcellent results can bo obtained. 

* Sir W. tr. I’opc, Soc. Chem. hid. 39 (l‘J20), SOOn. Sno also C. E. K. 
Mcos, " TJio Photography of Coloured "Objects ” jWratten and Wainwright). 



90 LD 


<^OLD 

Atomic weight . . . 197-2 

The Metal 

Tlio remaining element of Group Ib is, as is well known, a bright 
yellow metal, possessing an extraordinary degree of malleability. 
It can be beaten out to the very thinnest leaf, so thin ns to bo 
quite translucent, Ihe light transmitted having a green colour. 
According to Beilby, gold leaf con.si.sfs largely of amorphous gold, 
but still contains granules representing portions of the original 
crystalline grains pres(hit in the east gold from which the leaf was 
prepared. Vi-ry thin gold wire can also be obtained ; gold wire 
has a fibrous structure; the fibres possibly represent the remains 
of the elongated crystal grains.' 

Pure gold is a somewhat soft metal, nnieli softer than those 
alloys used in jewelh-iy and coinage, which arc eonnnonly referred 
to as “gold.’’ The im-lting-point, l.OOT is lait far removed 
from that of coiiper. Gold is heavier than silv<'r, just as silver is 
heavier than copper; the specific gravity (ab.jut 19-3) is higher 
than that of any other metal, outside the ])latinum group. It is 
a good conductor of heat and electricity, surpassing all metals 
except silver and copper in this respect. 

Finely-divided or porous gold may have almost any colour, 
according to the state of division. Wlu-n an alloy of gold and silver 
containing excess of the latter is treated with nitric acid, the sflver 
is dissolved, and the gold is loft in a brown spongy form. On 
heating, this brown voluminous gold undergoes spontaneous sin¬ 
tering ; a considerable shrinkage takes jilaco and the charaederiBtic 
golden colour of the metal appears.^ Thu change is analogous to 
that noticed on heating the voluminous form of chromic oiydc 
(see Vol II, page 305). . 

The addition of stannous chloride to a gold chloride solution 
produces first a purple coloration and then a precipitate known 
as “ Purple of Cassius,” which consists csscphally of finely-divided 
gold, but also contains vin oxide ; when sulplrMr dioxide or ferrous 
sulphate is employed as a reducing agent, ths precipitated gold 
is nearly black.' Colloidal gold'has been discussed in Chapter VII 
(Vol. I). It is prepared in a ruby-coloured or scarlet form by the 

> G. T.MeSby’time. Soy. Soc. 79 [A] (I’sO?), 463. , 

•Hanriot, Comp^ Rmd. 151 (1910), 1366 i ^153 (1911), 138. 
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. reduction with formaldehyde of a very dilute gold chloride solution 
containing a trac'e of alkali. Small amounts' (ft sodium chloride 
(or even smaller ([uantities of calcium (*• aKiminlum chlorides) 
convert the red ('(^our of those sol^tioiu^ to puaple or blue, the 
colour-change being due tA the union of the smallct colloid particles 
^ to form secondary aggregates. If sufficient salt is added, a dark 
precipitate of gold app(!ars and settles to the bottom. • 

Just as silver is more noble than coppt'r, so gold is more noble 
than silver, standing, in fact, ahead of all the better-known elomSnts 
in the Potential Series. It is not readily attacked chemically, and 
such comjjounds as exist are easily reduced to the metallic state. 
Gold remains untarnished indefinitely when ex^iosed to the atmo¬ 
sphere, and even when heafcal in the air. It is not expeseted, of 
course, that gold should liberate hydrogen firom dilute acids; but 
even oxidizing acids, such as nitric or hot ^’oneentrated sul))huric 
acids (cither of which will naidily dissolve cojiper or silver) have 
very little action upon gold. It has, how(wer, la'en shown that 
nitric acid, and idso hydrochloric acW in the jircsence of oxygen, 
have an apprr'ciabk^ solvent action upon brown (spongy) gold.* 
The best solveid. for gold is aqua regia, a mixture of nitric and 
hydrochloric acids. 'Phis fuming liquid, which is supposed to 
contain nascent chlorine, attacks gold readily with the formation 
of the chloride, AuGlj. Gold is also soluble in potassium cyanide 
solution in the ])reacnce of dissolved oxygen. 

The anodic behaviour * of gold is interesting. If an electrolytic 
coll is fitted with a gold anode immer.sed in nitric acid (the con¬ 
centrated acid diluted with an equal quantity of water), the acid 
slowly becomes deep green ipid then yellow-brown, indicating that 
tho^old is passing into solution ; from the solution the compound 
H[Au(N 03 ) 4 |. 3 H ,0 ®an bo isolated. Sulphuric acid behaves in a 
Amilar manner if moderately concentrated. In all cases, howevpr, 
th(* current efficioncy of the anodic dissolution is very low, rarely 
c.xceeding 4 per cent. In dilute sulphuric acid a gold anode be- 
co^pes covered with a ruby-red crust of auric hydroxide, but very 
little gold passes into solution. The behaviour of a gold anode 
in a potassium sulphate solution is similar. 

In a chloride solution, gold can bo made to dissolve almost 
quantitatively at a Iqij; current density, but if the E.M.P’. applied 
to a cell fitted with a gold anodo is allowed to become too high, 
the gold may In-cpme passive, and dit,solution tiractically ceases, 


•Hanriot and F. Baouft, Comptea Rend. 155 (1912), 1085. 

*F. H. Jeflcry, Tram. ^Farndqy Soe. 11 (1916-16), 172. Sec also V. 
Lenhor, J. .Amer. Chan. Sdt. 26,(1904), 660; VV. G, Mixter, J. Amer. Chem. 
Sac., 33 (1011), 688. ^ • 1 c 
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the current thereafter being used in the production of free chlorine.* 
In a potassium cjraiiide solution, a gold anodo’usually dissolves 
at a hi^ current efltciei: jy, provided the concentration of potassium 
'Cyanide is kept ^y.twcet. abb,t 1 ])er cent, am' 3 per cent. 

Laboratory Preparation. Almost any metal cxcc))t those of 
the platinum group, when brought into contact with a gold salt 
/sdlution, becomes covered with a layer of velvety gold, the more 
reactive metal ])assing into solution. A similar reduction of (told 
to {ho metallic state can be. brought about—as already mentioned 
—by reducing agents, such as ferrous a\ilpliate, sulphur dioxide, 
or stannous chloride. Furthermore, most compounds of gold de¬ 
compose spontaneo^lsly ujkui heating, with the production of the 
metal in a dark form. I‘’inely-di\ ided gold is converted to the 
coherent metal by melting in a erneible of clay or ])lumbngo. 'J'he 
metal i.s difficult to obtain directly from its eom])onnda in the 
characteristic compact form at htw t<'m])eratiires, although the 
electrolysis of a cyanide solution, such ns is used for plating, may 
be employed for the purpoi. . 

In making pure gold froiri the in)])ure material, it is best to 
dissolve it in aqua regia; the solution of gold chloride obtained, 
diluted and separated from any insoluble silver chloride that may 
bti present, is reduced with sulphur dio.xide. The pnaipitated 
gr)ld is washed until free from chlorides, dried and remelted in a 
crucible. If necessary the process may hi^ repeated.^ 

Compounds 

Gold, like copper, but unlike silviT. is a metal of variable valency ; 
accordingly it is interesting to note tliat most of the compounds 
are coloured. The main compounds an' thosf' in which th(! metal 
is either monovalent or (rivalent, the latter series being the moi.j 
stable. Gold has a much greater allinity (or chlorine and,for 
cyanogen, than for oxygen; in fact, the,oxides are u.n.stable and 
somewhat difficult to prepare. In each ease it will be convenient 
to consfider the chloride first. 

A, Compounds of Trivalent' Gold (Auric Compounds). 

Auric chloride {gold trichloride), AuCL, is obtained by the 
dissolution of gold in aqua regid. The yeW^ solution obtained 
can be evaporated on a wxtcr-bath, until th^excess of acid and 
water is drivea off. 'The residue obtained is, however, apt to 
contain a little aurous chloride, formed by partial decomposition 

' A. Coehn and C. C. Jaeqpson, Zetlach* Anor^ Chan, 55 (1907), 321. 

* Sir T. K. •Rose, “ f'recious Mcttds " (Coustvble). • 
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^of tho auric cliloridc. Auric chloride forms orango-rcd, crystals, 
of the coinpositioA AuCl 3 . 2 HjO ; the solution his a yellow colour. 

It may bo prepared in the anhydrous state lly tlfe action of (ftlorine 
gas upon gold powdtr; tho anhydroul chkfridc is i|cJ. By heating ^ 
to 186° C,, auric chloride evolves chlorine, and leaves aurous chloride, 

'AuCl; continued hdhting at this temperature, however, finally 
produces metallic gold. Auric chloride combines with the chloridAi 
of the alkali metals to form complex salts, which contain tho gold 
in tho anion, and can bo compared with the complex cyaniHes 
formed by silver and cojipcr. By careful crysballization of gold 
chloride solutions (smtaining potassium chloride, potassium aurl- 
chloride, KCl.Aut'lj or K[Au(i,], is obtained “in yellow crystals. 

It may be regarded as the potassium salt of aurl-chluric acid, 
H[AuCI,|; tho acid may itself bo proparell by the addition of 
hydrochloric acid to an aurh; chloride solution, and by careful 
evaporation. Anri-chloric acid crystallizes in yellow needles con¬ 
taining three molecules of water of (Tysfallization. 

Analogous compounds are known containing bromine and iodine 
instead of chloriiu'. Auric bromide is best obtained by the direct 
union of gold and bromine, whereas auric iodide, being rather 
insoluble, is conveniently prepared by doul)le decoiniiosition of the 
chloride with j)otas.sium iodide; it is a dark green, very unstable ' 
body, which decomposes even at ordinary temperature into aurous 
irxlide and iodine. 

Auric oxide is b^st obtaineil from the chloride. When auric 
chloride is precipitated with magnesium hydroxide, orange auric 
hydroxide is produced; when dried over jihosphorus pentoxide 
for some weeks tho prodiu^h has the composition AuO(OH); on 
lengthy heating at 140° C., we obtain auric oxide, Au.,Oj, a brown 
powder. This is itself very easily decomposed by further heating 
to gold and oxygen. When the auric hydrbxide is heated at 160°<1. 
it i^said to yield an intermediate oxide, AuO, which is also a brown 
powder. ' ' • 

Ajirio oxide, unlike the oxides of most metals, is distinctly 
endothermis—a fact that no doubt explains why it cannot be 
prepared by the direct union of gold and oxygen. 

It is difficult to obtain salts of gold with oxy-acids. Auric 
hydroxide dissolves i» •sulphxuric jind in nitric acids, but the solu¬ 
tions obtained are yeadily hydrolysed, an(f auric^ hydroxide again 
appears when they«are diluted. If the solution of auric hydroxide 
in nitric acid is evaporated at 60-80° C., and then allowed to stand 
for, some hours over soda-lime, crystals of an add nitrate, 
Au(N0j)j.HN0s.3H,0 tan be* obtained > it js*generally regarded 
M awl-nitric add, ^[AutNO,) j.SHiO. The same compound is 
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obtained electrolytically ip a divided coll fitted with a gold anode 
surrounded by nitrfc acid. The solution in tlif anode! compart¬ 
ment Hkeomes decjfgrein, thou yeellow-brown ; if the yellow-brown 
■•solution is plaeeal in a vacu,jm desiccator ovtr concentrated sul¬ 
phuric acid with a vessel containing sticks of sodium hydroxide 
close to it, the free nitric acid evaporates and auri-nitric acid is. '' 
obtained.' When heated at 72'(', auri-nitric acid melts and 
commences to give' off nitric acid; linally a blackish residue is 
oblSiinod, which may contain tiu! noniial nitrate AufNOa),, although 
it is clearly partly dccomjeo.sed.- 

Auric sulphide, AiuSj, is not produced in a p\ire state when 
sulphuretted hydrogen is passed through a solution of auri(! chloride 
(or auri-chloric acid), since partial rc.luclion always occurs and 
tlu! black precii)itate is mi.xcd with mclalli(! gold, .sulphuric acid 
being formed at the same time.' Auri(! sul|)bid<! can, however, 
bo formed by the action of hydrog<'n suljihide on a dry auric salt 
at low tcm]H!raturcs. For this ])urpos(! dry lithium auri-ehlorido 
(Lidl.AuCl |.2H;0) is convctBt'Ut; if exposed to hydrogen sulphide 
gas at Kt 'C. it turns Jbrown, auric sulphide being produced. 
The j)i()duct can he Wiislusl free from lithium chloride by means 
of alcohol, and any unconihine(l sulphur ))rc.scnt njay he removed 
by means of carbon disuli)hide.'‘ 'I'hc use of jjotassium auri- 
ehloride for making the 8 ul])hid(! is unsuitable, since potassium 
chloride is insoluble in alcohol, and auric sulphide, if washed with 
water, would decompose. The sulphide is It black body. 

Whilst the basic ehara(!tcr of auri(! oxide is most feeble, it has 
certain acidic ])ropertica. For instance, on evaporating aurie 
hydroxide with caustic potash lit mcno, potassium auratc 
KAuOj.SH-A) (or KjO AujOj.GHjO) is formed in yellow ne?dles. 

B. Compounds of Monovalent Gold (Aurous CompoundsJK 

Aurous chloride, Aut.'l, is, as aln^ady stab'd. fornusl \fhen 
auric chloride is heated to 18.')“ C. It isiv yellow jiowiler, s,;arccly 
dissolved by cold water, although by warm water it is slywly 
decomposed, auric chloride and metallic gold being producer!, 

3AuCl - 2Au -i- AuCl 3 . 

Like auric chloride, aurous chloride forms a complex salt, K[AuCl,], 
with potassium chloride, which Aan convJnVntly bo obtained by 
heating potassium auri-clilrrride, KAuCl,. * 

r F. H. Jeffer^, Trans. Faraday fioc. 11 (1915-16), 172, 

• H. Wohlwill, " Aboggs Hamibuch der Anorganiachen Chemie,” II, 

826 (Hiracl). , , 

•A. Gutbier and E.^urgw'iU-litor, Zettsch. Ahorg. Chem. 121 (1922), 266. 

* U, Antorij! and .A.^uccheai, OdzeUat 70 (1890), 601. * 

• ♦ 
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On precipitation with dilute potaasium hydroxide it yields aurous 
hydroxide, AuOH, which if heated at 200“ C. lo^cs water, leaving 
the violet aurous oxide, Au^O, Since tlis «xide‘itself decom¬ 
poses into gold and<)xygen at about 3.10' (»., the jjfcparation must 
obviously be carried out With care. 

j The most stable of the aurous compounds are the complex 
cyanides, formed when metallic gold dissolves in a (cyanide solutioa , 
containing dissolved oxygen. ,lust like copptT and silver, gold 
behaves less like a noble metal towards a solution of a cyanide 
than to any other reagent, and the ex|>lanation is the same, namely 
that gold passes into the anionic condition in the presence of 
cyanogen ions. The dissolution of gold by iiotaiwium cyanide only 
proceeds, however, if dissolved oxygen, or some other oxidizing 
dejMjlarizer, is present to rem1\’e tln^ hydrofyn as (piickly as it is 
formed, liy tlu^ reaction of dissolved oxygen on the hydrogen, 
hydrogen peroxide as well ns water may be formed. The reaction 
may be cxpres.sed in ionic language thus:-- 

At the anodic areas of the gold surflUs', 

An |.’2(rN)’ - rAu(rN).,]' I c 

At the calhodic, areas IT I (! H 

followed by either 2H -|O.^ -- H-Oj 

or, aUernativehj, 2H0 -HjO ^ 

On the assumption that all the hydrogen is oxidized to hydrogen 
peroxide, wo can write the complete reaction, thus:— 

2Au + 4(CN)' H- 2H’ f Oj - 2[Au(CN)J' -|- 
or in^ non-ionic language, ' 

2Au 4- 4KCN 4- SUjO 4- Oj - 2 K[Au(CN)j1 + 2KOH 4- 

*Potassium aurocyanide, K[Au(CN),],'is host prepared by the 
elccfrolytic attack of a gold anode immersed in potassium cyanide 
solution. If can bo obtained also by the action of potassium 
cyanide upon finely-divided gold, in the presence of air, o( upon 
aurous oxide. It may bo isolated by crystallization in colourless 
rhombic o^tahedra. * 

C. Miscellanesous Qxnpounds, 

Fulminating Gow. When concontjated ammonia is allowed 
to act upon auric hydroxide it converts the latter iato a yellowish 
or greenish substance; this substance may be dried without de¬ 
composition, but explode with violence if stri^ik with a hammer 
or heated. The body hgs the conspositidh AhN,Ho. tit is prob- 
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ably to be regsfrded as derived from two molecules of ammonii 
by the rt^placemcjjit of part of the hydrogen by gold. Thus, ■ 
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% 

.HNH. 

0 /NH, 

$ / 

Au;~ 

— OH 
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3H,W H Au , 

\ 



HjNH 

\ 

NH- 

Auric liydroxide. 


Ammonia. 

Fulminating gold. 


The precipitate obtained by the action of aqueous a.inmonia upon 
auric chloride consists of tlic same substance ini.xe<l with its deriva¬ 
tive, NH : Aut'l. 


• Analytical 

Owing to the exceptional ease with which gol<l is reduced to the 
metallic state, it is not suraising that praetii'ally all the methods 
for the detection and esilniation of the ]ireeious metal depend 
upon this change. Gold is recognized in solution by the i)recipitate 
of finely-divided metal obtained by the addition of stannous 
chloride or ferrous sul|)hafe. Solid compounds of,gold, on heating 
wil h charcoal before the blowpipe, give a malleable bead of the 
yellow metal, which is not atfeeted by heating in the oxidizing 
flame. ^ 

tSince the baser metals are not reduced to the metallic state by 
ferrous sul])hate, the separation of gold when present in solution 
a« chloride is easily accomplished by the addition of that reagent. 
Gonvcr.soly, a rajiid separation of tin’ gohl jiresent in an allo^from 
the other metals is often po.ssible, owing to the fact that metallic 
gohl remains unchanged under conditions wfiich cause other metals 
to become oxidized. A^hen an alloy of gohl and silver is treated 
with nitric acid, “ jiarting ” occurs, the gold iK'ing left behind as a 
brownish residue, whilst the silver passes into solution The 
estimation of gold in a lead-gold alloy may be dctcrminial by 
roasting the material on a bone-ash cuped ; under these conditions 
all the lead is oxidized, while the gold is left as metql. 

The dry assay of gold ’ in an ore is brought about by the use 
of lead as a collector, as in the dry assc-x of silver. A weighed 
quantity of oij) is mixed with lead oxid^ potassium cyanide, 
sodium carls^iatc aud iron, and the whole is heated. The iron 
reduces the lead to the metallic state, and the molten metal dis- 

• For full details •£ different variations of t^p method, sec Sir T. K. Hose, 
" Metallurgy of Golc®' (ClViftln).,, . , 
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Solves all the silver and gold present! tIc button* of lead obtained 
is then cuiwllcd.jwhich brings about the oxidation of the more 
reactive metal, and leaves a silver-gold all^y. ,.Thi^ is “ parted ” 
by the continued action of boiling ni^jc ajid, and the undissolvcd 
gold is weigbod. Most gpld ores contain enough' silver to bring 
the silver content of the alloy obtained up to the proportion needed 
‘for successful jiarting; but if the necessary amount of silver is 
not already present, it must be added. 

In the assay of gold bullion, a euiM'llation method is often uspd. 

A weighed samjile of the bullion—along with sufficient silver to 
ensure successful parting—is wrapped up in lead foil, and subjected 
to oupellation, and then to parting. l?<'cently another method 
has been worked out, in which the weiglus! sample of bullion is 
molted down with excess of i'opper, givin(^ a copper-gold alloy, 
which is “parted” with acid, leaving the gold undissolved.* 

Gold can also be estimated electrolytically. Potassium cyanide 
is usually added to the solution c<intaining gold before the opera¬ 
tion, to form a complex cyanide, and by electrolysis tlu^ whole 
of the gold may be deposited as a smdBVh coating upon a platinum 
gauze cathode. 

The separation of gold from platinum was discussed in connection 
with the latter .metal (V'ol. 111). 

TKltBRSTim r, ()('(■ I;RRUNCK 

Gold must have befn prisent only in very minute traces in the 
original rock-magma, b\it during the consolidation of igneous 
intrusions it has, like so many metals, become to some extent 
concentrated in particular portions. The metal is found in appre- 
ciabW quantities in certain veins of quartz and pegmatite which 
are connected with intrusive roeks of sub-acidic eharaeter such as 
grRno-dioritc. Probably most gold-bearhig quartz-veins wcN 
actually deposited by the hot waters expelled from the igneous 
mass in the final stages of tlie consolidation.® Since gold is one 
of the vein-metals which is deposited deep down in the (jarth’s 
crust close tq the intrusive mass from which it is derived, many of 
the important gold-fields of the world are connected with earth- 
movements'of the very earliest (pre-Cambri&n) times.® 

The gold sparsely diapersed t((roughout the quartz veins is 
mainly in the metal^ state—a fact by nS moans surprising in 

‘ A. Westwood, J. Inst. Met. 27 (1922)f 307. ‘ * 

* Compftto J. K. SpuiT, Kcon. Qe.ol. 1 (1900), 309; H. C. Cooke, Eton, 
OeoUU (1919), 281. 

* J. W. Gregory, 2'raua. Ciu'tn. i»)C. 121 (192^), 7|r. 

• f * i * • 
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view of the chemical charJoter*ot the element. But it also appears 
to he pr^ent in particles of pyrites possibly in^olid solution, or , 
perhaps in intini!^ intergrowth. The close association of gold 
and p^ites in natVe fe certainly very remarltablc. 

• The grains of mietal aund^in nature are, llbwever, in no caae 
pure gold, but almost always contain silver, or in some cases 
mercury, copper, bismuth, or palladium. In addition to grains ofi 

• iSetallic gold, certain so-called “ tellurides ” of gold and silver are 
found in nature ; some of these, like 

Oalavcrito . . . (Au,.\g)'l’ej, 

have been assigned definite formula?, although it is a disputed 
question as to whether they are really chemical compounds, or 
whether they should not be regarded as gold-tellurium alloys.^ 

By the weathering*and breaking up of auriferous veins and 
rocks, gold-grains are jvashed into the rivers that flow from hills 
composed of such rocks ; but owing to the high s]ieeitic gravity 
of gold, the particles are dropjied - along with the heavier sand 
particles—as sooi? as the v^icity of the stream becomes slightly 
reduced. Thus placers and gold-gravels are formed. Hometimes 
the rich gold-bearing sand is to be found within the present bed 
of the stream ; sometimes the course of the stream may have 
changed since the jilaeers were formed, and the givld beds aro no 
longer below the surface of the water, Perhaps, as a result of 
climatic changes, or of earth movements, the rivers which deposited 
the gold-bearing alluvium have ceased to exiijf. The older jilacers 
are often covered up with more reeent material, sometimes of 
volcanic origin, which is free from gold 

Whilst, however, a vi'ry large number of gold beds have been 
formed by the simple mechanical transport of gold-grains frointhe 
original veins to the jirc-sent position through the agency of running 
water, yet in several important ea.Hcs it is clear that the goy 
has been dissolved rhcttiicall;/ at one point and prei’ipitatcd afn'sh 
at another. Thus secondary eiiriehment has oei urred. k'erric 
chloride, which may bo found where* .saline waters have access 
to weathered iron minerals, has an a])preeiablc solvent aetion' on 
gold. It is likely that the presence of manganese hah also lieen 
an important factor in causing the dissolution of the metal.^ 
Minerals like pyrolusite will react with sodium chloride to produce 
a certain amount of frej chlorinef which has '.^very marked action 

? V. Lenher, J. Amcr, Ghci^. Soc. 24 (1002), 355 ,*, B. Brauner, Trans. 
Chem. Soc. 55 (M89), 39l. t 

* W. H. Emmons, Trans. Atner. Inst. Min. Eng. 42 (1911), 4. A <IitToront 
view of the function of mangancso in producing enrichment is given by.V. 
Lenher, Econ. Oeol. 9*U014p 523. ' 

• * •* * 1, j 
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•on gold. Whatever the nature of*the solvent, there seems little 
doubt but that j^old has been dissolved at certain places and pre¬ 
cipitated, often in crystalline or dembitio^^'Srow^hs, at points 
originally free from gold. The usua] pr^cipitants appear to bo , 
pyrites, or ferrouif' oonmounds obtained from the weathering of 
pyrite.s, which are able to effect the reduction of the gold to the 
metallic state. But basic minerals, such as ealcium carbonate, 
may favour tho precipitation of gold, the compounds of which aVe* 
more stable in the presence of acid than in the presence of alkali.* 

The origin of tho rich gold-reefs of the Witwatersrand in South 
Africa has led to much discussion.- The reefs are a series of con¬ 
glomerates, which occur at numerous different horizons, being 
separated by softer beds ; tho gold is practically confined to tho 
conglomerates. Tho whole series is of very early geological origin, 
being possibly of pre-f^ambrian age. The material of tho con¬ 
glomerate (“Banket”) consists of quartz*pebbles set in a finer 
matrix; in tho matrix, especially at certain horizons, there are 
numerous grains of gold. As a rule, conglomerates represent old 
consolidated beach-shingles, and tliP*Hand conglomerate may bo 
of this eharacter; thei'o is some evidence that the shingles accu¬ 
mulated in or near the delta of a large river. It is probable that 
tho same rivey brought down the gold-grains derived from the 
weathering of gohl-beariug rocks in the hills where the river rose, 
and (Iriqqied them along with the other heavy particles in tho 
delta or round the coast of the sea into which it flowed. It is 
noteworthy that iirftnary quartz vidns are known to occur in the 
Transvaal, although their commercial inqiortanee is small compared 
to that of the conglomerate. i' 

According to the view just expressed, which is now widely held, 
the Valid deposits must be regarded as marine or estuarine placers. 
Some geologists, however, have expressed the opinion that the 
Jonglomerates were free from gold whert they accumulated, and 
thelt the metal has mibiii'quently been introduced by means of water 
percolating" through the "bods. Certainly some of the gold, which 
is qf an arborescent eharacter, would seem to have been deposited 
from solution, and bears no signs of mechanical transiKirt. But 
this does not necessarily mean that the “ placer theory ” is in¬ 
correct, because—in view of tho age of the deposits—it is quite 
to be expt'ctcd that aUsome poipts tho original gold-grains should 
have been attackci^y infiltering waters, Iho gold being reprecipi- 

> Comporo V. Lenher, Bcon. Qeol. 13 (191*8), 1«1. 

• E. T. Mollor, Trans. Inst, Min. MU. 25 (l91G), 226*; J. W. Gregory, 
Econ. Oral. 4 (1^9), 118; Trans. Inst. Min. Mrt. 17 (1907-8), 2; Trans. 
Vlmm. Soc. 121 (1922), 766; U. F. Beckor, Econ. Oeol. 4 (1909), 373; G. A. 
l)eimy, Econ, Ocoi. 4 (1909), 470. 
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tated at other pSints where the conditions were favourable. On 
the whole,‘the placer theory may be accepted, at Itfct provisionally. 

The r^chnes^ of \|re Rand deposits may be jj^ged by the fact 
that the Transvaal conlriba^pd in lilli) ubou|/ two-fifths of the 
Vorld’s output. Apart from the Kami, >thc main gold arcus are 
to be found around the Pacilic ore-circle, starting as usual on 
the South American side, wc find gold in Peru, and also, along with 
’pll^tinum, in t'olumbia. There arc rich deposits in Califoftiia, 
Colorado, Nevada, and British Columbia; the dc]>o.sit8 become 
especially rich in Alaska. Cold oeeiira in Korea, in Jajian, and in 
the Dutch Indies; it beeoraes e.xtremely important in Australia, 
and appears also in New Zealand. 

Other important gold-])rodueing la'gions includes the Porcupine 
district in Ontario, various places in \Ve.st Africa (notably the Cold 
Coast where gold-bearing eongloiner.itt's are found), and the Kolar 
Gold-field of Mysore (India). In normal times the Ural Mountains, 
besides being a producer of platinum, yield a considerable amount 
of gold. ^ 

MeTALLUWIY ■ AN]> UsKH 

The difficulties connected with the winning of metallic gold from 
gold ore are simply due to the fact that the gold occurs sparsely 
disseminated thrmigh a great volume of worfhless material. Since 
the gold is generall}', in the first instance, in th<‘ metallic state, 
there is no metallurgy in the stricter sense of the word, and the 
winning of gold may be regarded as somewhat analogous to the 
“concentration” of the ores of other metals. 
iSt Pho separati on of th e gold parti eli-s from rlw iiie|{y mnHiu- 
with which it occultileiieiids uiinn three distiiiet _(lilfcreiltiati«g 
dnspurtwe-:— 

(1) Gold is heavier than all the materials occurring with it. Ifo 
the finely-powdcri'd gold-bi'aring matter be sus|iended in a flowing 
stream of water, ninning with a carefully adjusted velocity, the 
stream will “ droji ’ the gold-grains, (mt carry off the lighter 
particles, 

(2) Gold is soluble, in mercury, and grains of the metal wlion 

brought in contact with mercury, or with an amalgamated“surfacc, 
will stick to it, whereas tltc rw ky matter will jiass over the mercury 
without adhering. • \ 

(3) Gold is sdublf in a!^solution of a cyanide sdlulion in presence 
of air, whereas the siliceous constituents are not. ’Therefore traces 
of metallic gold may be leached out chemically by cyanide, and 
the solution obtained can afterwards be Jreate(j with zinc, aluminiunf 

‘ Sir T.,K. Rcise,t“ TIte MoHlJurgy (Icjd ” (Griffin). • 

M.O.—VOL. IV. 
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or even carbon,^ give metallic gold. Chlorine Vas at once time 
also used as a lelching agent, but its oraploym&it has lafgely been 
abandoned in faWjur of that of potaasiujn oVsodium cyanide. 

Sometimes thes^ three methods am^ajjiKied in turn in the treat-^ 
ment of the same auriferous material, but the procedure will 
clearly vary very much according as the material to be treated 
is— 

(а) A gravel or sand situated at the edge of an existing river 

or creek ; 

(б) a gravel or sand existing in the centre of the bed of an 

existing river; 

(c) an old placer di^jaisit situated far away from existing rivers; 

(d) the original veins of liani auiiferous (juartz, or other hard 

deposits of a secondary character |such as the “ banket ” 

of the Kand). • 

\y(a) Where the rich sands exist at the edge of an existing 
river, comparatively primitive nietjjods sufKce to extract a con¬ 
siderable proportion of the valuiifjle constituent. The simplest 
method of all is “ panning,” used mainly by the prospector. A 
circular iron pan, about a foot in diameter, is partly filled with the 
“ pay-dirt ” and covered with water; the dirt is then broken up 
by the hands as far as possible, and a peculiar swirling motion is 
imparted to the pan whereby the lighter con.stituents pass over 
the edge, and the, gold - along with the stones and heavier sand- 
grains—remain in the pan. 

When the workings become developed, more elaborate methods 
are introduced, sluices usually being installed. In these a sus¬ 
pension of “ dirt ’’ and water is made to How down a narrow 
channel formed by^a series of long narrow boxes of wood planking, 

' arranged at a slight gradient (.sec Fig, 14). The bottom of the 
boxes is crossed by a series of wood strips or ‘‘ riffle bars,” R, set 
at right angles to the direction in which the dut is travelling; 
occasionally they are arranged in a zig-zag fashion. As the dirt 
passes along the channel, the heavy jiarticlcs of gold tend to sink, 
and get caught behind the riffle bars, whilst the lighter constituents 
are earned over the riffle bars, and pass out at the end of the serira 
of boxes. 

Although “ slui^fn^ ” is primarily a method of gravity separation, 
mercury is often introduced into the,riffles, and undoubtedly serves 
to catch many df the finer particles of gold, which would otherwise 
bo carried away by the water, 'periodically (perhaps once a week) 
'the sluices are ” cleaned up.” ; the contents of the riffles containing 
mercury are straineii, ^jkimme(l. and'ther. distillejl in retorts, so 
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as to separate the gold from the mercury, wliiqjl should largely 
be recovered and mil again. 

The dirt passing'out from the end of the si' ices still contains 
fine particles of gold, and is sometimes passed over a series of 
“ amalgamated plates,” which serve to catch a further quantity 
of the precious metal. The plates consist of copper or Muntz 
mital; they are preparcrl for use by cleaning with acid or cyanide, 
and are then amalgamated by being rubbed with inereury, and 
afterwards, as a rule, with an amalgam of inereury and gold: 
they are then ready for u.se for the catching of gold. 

A large proportion of the. gold particles which have e.seapcd 
through the aluicc-btix system are caught u])on these platc.s, if the 
mercury surface is kept clean. The re is, however, a tendency for 
the mercury surface to ' ‘ foul ” or " sicken ” by becoming covered 
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Fig. 14.—SIuk‘o-'Hox Sjutein. 

with a film of oxide or sulphide (or sometimes grease). The jire- 
eautions taken to prevent mercury from folding resemble those 
taken to protect common metals (steel or brass) from corrosion. 
If strips of a more, reactive metal like i.on be placed iii cont.a':t 
with the mercury, both being under the stream of aqueous o if- 
pulp, the* mercury surface will be kejit eathodieally polari/ed, 
which will prevent the formation of an o.xide-tilm. Any oxidation 
which occurs will proceed at the expense of the iron, and the 
mercury surface will remain bright ^ir “quiclr.'* 

Another plan is to disstlve a little sodium in the mercury. If 
any oxidation occuA to a souium amalgam, it is* certain that it 
will be the reactive sodium which is first attacked, and since sodium 
hydroxide is soluble this will not in any way block or render loss- 
active the mercury surface.. It is found^ thA amalgams of pier- 
oury with zino'or cadmium are aiso useful, being loss liable to 
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• fouling than pi^e mercury.' Where Muntz metal plates are em¬ 

ployed, the mui'^y is likely to absorb a lii^.le ".inc, and possibly 
the advantage oMuntz metal plates for«the purpose may depend 
upon this fact. • »• ' ^ 

The gold-amalgam wtiich collects on the j)lates is scraped off 

• from time to time, strained and distilled in iron retorts. The gold 
remains in a porous form and requires remelting to yield ingots, 

The amalgamation process does not usually extract the la.st 
traces of gold from the ore. For part may .survive as fine “float- 
gold ” which remains in suspension in the water, or more often 
clinging to the air-water interface. Again, it docs not extract 
grains of “ rusty ” gold, which have their surfaces covered with 
a film of grease or sulphide—a condition that will hinder the adhe¬ 
sion to the mercury. Finally, amalgamatitm clearly cannot extract 
any gold which may exist within the grains of pyrites or other 
mineral. These forms of gold ar(! generally lo.st, urdess the material 
issuing from the sluices is treated by means of cyatride or other 
chemical leaching agent. 

It should be pointed out that the actual “ catching ” of gold 
grains by amalgamated ])lntes is a process of surfiwe adhesion; 
the dissolution of the adhering gold in the mercury to form an 
amalgam occurs slowly after the grains have becii caught. How¬ 
ever, the surface adhesion and .solubility of substances arc so 
closely (sinnected that it is unnecessary to distinguish further 
between the two Stages in the jrrocess. 

Where the gold-bearing deposit to be worked lies at 
the bottom of a river, the only profitabh- method in most cases 
is by dredging. Gold dredges are square-ended boats, some of 
\thich are designed to float freely in the stream which is being 
dredged, but othtrs (“ paddock dredges ’’) arcs able to cut their 
way through the bed of a partially ^Iricd stream, The curious 
feature of paddock dredging is “ that the dredge floats in aii arti¬ 
ficially-made pond, Mrd, then carries the pond along with it.”' 
,Paddock dredges an; most useful for working gravels in river-beds 
where there is not a sufficient gradient for sluicing. • 

Most dredges are worked on the familiar “ bucket ” system, 
which is so often seen upon dredges qsed for keeping navigable 
the channels of q'^^nary rivers and harbours. An endless chain 
of buckets is carried on rollers resting qn a steel ladder, and serves 
to scoop up tl^o gravel from the liver bottoai, and to convey it 
to screens situated in the centra of the vtssel. BTie coarse material 

* C. H. Aaron, Eng.^Min. ,T. 48 (1889), 118. 

• ^1. C. Lonoridge, “Wold and Tin DaDdgii(^,“ Third Edition [Mining 

* Journal), p. 78. ^ '' » 
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which fails to pass through these screens passes fo^another bucket- 
conveyer which di^ps this worthless matter well to the stern of 
the dre(Jgc, so thatVl will not Ik* scooped up a, .econd time. The 
finer material passing tiiroiig'i the screens, ni! s over a series of 
gold-saving tables ; these are similar in ])rineiple to the slniee- 
boxes refeired to above, but are mon- elaborate, and produce a 
n^re efficient extraction. Kiffles may be used to catch the larger 
partielesof gpld, but finer partu’les are usually eatight by pa.ssing the 
material over tables covered with eoco-mit matting, calico, or plu.sli. 
Mercury is u.sed with some kinds of gravels, but, in many eases, 
is found to become “ foul ” (piiekly, and is less efficient than 
matting. The disebarge from the tables is either returned to thc' 
river at the Kt<Tn of the boat, or is in some eases piled up on the 
bank. 

The system of dredging was largely dmeloped in New Zealand, 
and was also applied early in California : it has since been adopted 
on the rivers of Hritish Columbia and Alaska, where it is con¬ 
sidered to have an important future. 

(f) Where the position of the gold deposit is far from a 
river at the present time, the chief difiieuities are eoneerned with 
the necessary supply of water. Often pi])e-lines have been laid for 
coi'siderable distances in order to bring an adequate snjiply of 
water to the gold-fields, ‘ Since the brackish or bitter waters of 
rlesert regions commonly contain magnesium and sodium chlorides 
in considerable (piantities, there is likely to 'a- trouble owing to 
the corrosion of the pipe lines in .such places; this trouble has 
been experienced particularly in Western Australia. In California, 
where there is in most parts a considerable haial rainfall during 
certain parts of the year, the water siqqily has lieen obtained diy 
the construction of ivservoirs. When once the adequate supply 
of water, preferably at a moderately high |iressure, is at hand, tho 
washing of the old placer deposit jiresents no sirecial 'litbeulty. 
A jet of water may be directed upon the gold-bearing material, 
and tho water, carrying the sand in su.sjiension, runs oi'i thro.igh 
a series of sluice-boxes; if tlie sujiply of water is restrieted, thby 
should bo designed in such a way as to use the minimum'quantity. 

Often in working old dry placer deposits it will be found that the 
beds which are now on tlfc .surface contain little or no gold. Where 
the supply of water and the pressirc is sufiTcient, it is convenient 
to remove this toj^layer of comparatively worthless matter by the 
disintegrating action of .a water-jot, until the ridher bed below is 
reached; this method, known as hydraulic mining, was largely 
developed in California. ^ 

•See N«A. Loggm, Tddm. Irf.. Min’Me". 20 (1910-11), 170. 
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(d) Treatment of hard deposits. Whcrever'in a gold-district 
the comparative!^ soft placer deposits art; approaching eithaustion, 
attempts are ma^ to extract gold from the o/ginal vein^of hard 
quartz. Moreove^ in certain placeii*an(f notably the Transvaal^ 
deposits, although of a secondary character, arc so hard as to call 
for similar treatment. In such cases the first part of the process 
consists in crushing the rock hotween the jaws of rock-breakc^ 
and then stamping it to a small size in a stamp battery ; * often 
the grinding is completed in tube mills. A stamp battery (Fig, 15) 
consists OiSsentially of a row of giant pestles and mortars made of 
iron or steel, the pestles being raised by mechanical means and 
then allowed to fall by gravity into the mortar. Ccncrally there 



rre about five “stamps” or pestles to each mortar, which may 
be a rectangular box 5 ft. long and 1 ft. wide. The ore is fed into 
the mortar at A in pieces of .about lJ-2 in. diameter, and the 
fine particles produced by the stamping are carried off by a current 
of 'water through the screens S in the front of the battery; the 
screens, which have holes of Ai-A) in. diameter, serve to prevent 
the uncrasbed material from being swept or splashed out of the 
mortar. Often mercury is introduced intd the stamps, and a great 
deal of the gold is thus'oxtracted? before thj pulp leaves the battery. 
The pulp flowing from the battery soipotimes parses over a system 
of amalgamated {rlates, which retain a further quantity of gold. 

,*Sce F. A. Thomson. "Stamp Milling and Cyaniding ” (McOraw Hill). 
Also W. A. Caldecott, Trgtw. Iml, Min, Met. 19 US09-10), 67, for the de¬ 
velopment of the heavy stamps on the Ran<£ * 
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In other cases, gravity, rather than amalgamation, is relied upon 

to extraci, the gold, and after the larger particlesinave been caught 
by an frdina'-y slWc-box system, the crushed matter is further 
treated on Wilfley tablet, wbi'st for the more fii| ily ground material 
a vanncr has been used to recover the gold. Both of these devices' 
have been mentioned in connection with the concentration of the 
yes of other metals. 

Cyaniding of Gold Ores and Tailings. It has already "been 
stated that neither gravity nor amalgamation succeed in extracting 
.the whole of the gold. Conse(|uently, in the more highly dtwcloped 
gold-fields the tailings are invariably leached with n solution of 
potassium or sodium cyanide (commereial cyanide is frequently 
a mixture of the two salts). 

In the Witwatersr.ind gold-field of South Africa,* the ore, 
powdered by treatment first in rock-erushera, then in stamp bat¬ 
teries, and finally in tube mills, is allowed to flow over amalgamated 
plates .so as to collect as much gold as possible ; it is then sepai-aterl 
into sands and slimes in some form of classifier, in which the sands 
settle and jiass otd below, whilst the slimes overflow from the top ; 
the principle of clas.sification into sands and slimes has already 
been discussed in connection with copper (page 24). 

The treatment of the sfinds is fairly simple, they arc charged 
into circular vats, fitted with a filter bottom of coco-nut matting 
covered with canvas, and cyanide solution is introduced from above 
and allowed to percolate downwards throngh the mass. The 
liquid drawn from below the filter-bottom contains gold in solution, 
and is allowed to flow through a series of boxes containing zinc 
shavings upon which the gold is precipitated. The zinc is rendered 
much more active as a reducing agent if it is previously treated 
with a little lead acetate solution ; lead is deposited on the zinc, 
and the zinc-lead couple produced brings about rapid prceipitatica 
of gold, the lead acting as the cathodic memljer of the couple. 

The treatment of the dimes is less easy owing to fi;c faet that 
they tend to settle and form a ina.ss which is almo.a. inipru vdous 
to watbr. They are usually thickened as far a.s jiossible ill a 
mechanical thickener, and arc then run into leaching tanlcs, in 
which the cyanide solution is introduced and the whole is agitated 
together, either by mcclianical means or by compressed air. Since 
oxygen is absolutely necessary for the dissolGtion of gold by cyanide, 
the latter method would appear to be advantkgeous. 

The separation of the clear liquid from the slimes is a problem 
of some difficulty. At one time a process of settling and decartta- 

* H. Louie, J. A'oe. VAem. Itul. 37 (191S), 200*^; W. Cullen, J. Soc, Chem. 
Ind. 41 (1922^, aidx. ^ . 
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Mon was the common one, tat obviously this prficess is wasteful, 
since the slimes me, difficult to wash and will ceminly retain much 
gold-bearing soluTl|()n when they are thrown way.' Mos^ of the 
pulp is now clnrifi^l by filtration, th»«o-called “ leaf-filter ” being, 
largely employed. A “ feaf ” consists of a rectangular frame of 
wood or metal on both sides of which is stretched a filter-cloth. 
The narrow space between the filter-cloths on either side (whioji 
Me about 2 in. apart) is connected by a pipe to a suction pump. 
About forty of these leaves (L) may be placed parallel to one 
another in a tank (Fig. 10), which is filled alternatively with the 
cyanide pulp and water. When the tank is lull of pulj), the suction 



Fia. iO.—rrinciplo of the Leaf KiUt'r. 


puAp draws clear auriferous cyanide solution through the filter, 
a solid cake of pulp being formed on the outside of each leaf. 
Then the tank is emptied atul filled with wash-water, and acertain 
amount is sucked through, so as to recover the gold still present 
in the cake. Finally the cake of slime is washed oft the outside 
of the leaf by water-pressure into the tank, which may then be 
emptied, and used fol"the filtration of a fresh quantity of pulp. 
The auriferous solution, drawn through Jhe filter, ]jasses to the tank, 
whore it is treated' with zinc for the recovqry of gpld. 

An alternative method of, treatment, which has long been carried 
out in America, is now being introduced into some of the mines 
of the “ Far East Rand^’' where t]\o ore doesf not readily give up 
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its gold unless finely ground. In such a case, the stamp hatteric's* 
amalgamation plaiii^ and sand-treatment plant may he omitted; 
the whok of the ok; is ground in tube milj; a fine .state of. 
division, and is then sultjectisl to theFliine-tutitmVnt.” descrilusK 
above.* * 

In South Africa shavings are still the usual form in which zinc 
kuscd as the reducing agent for gold. But in America, zinc dust 
’ (often the “ blue powder ” which is a by-jiroduct at zinc smelting 
works) is largely used in the place of shavings .2 This is a far more 
rapid precipitant, and gives a remarkably high recovery of gold, 
98 per cent, of the precious metal in the solution being precipitated 
in a few minutes. ,The dust is generally introduced into the gold- 
iH’aring liquid in the form of an enmlsi<m ; the rc(pii.si(e quantity 
of this emulsion is nip into the tank containing the gold-bearing 
solution, and the whole is at once pumped into liller-iirc.ssea where 
the ])recipitated gold is lelained 
The use of so active a reagent as zinc dust is not without its dis¬ 
advantages. It requires careful storage, since otherwise it may 
oxidize and deteriorate, anA'^’lossibly tires or e.vjilosions may be 
caused. Furthermore, if it is introduced into cyanide liquors 
containing dis.solved o.xygen, it may be quickly attacked and brought 
into solution, in a way which contributes nothing to the precipita¬ 
tion of gold. It is stated that about half the zinc actually added 
to the precipitation vat is generally wasted in this way, unless 
precautions are taken to reduce the amoiint^of dissolved oxygen 
jirescnt. Thus, whilst in the, dissolution of golii hy cyanide dissolved 
oxygen is absolutely necessary, in the subseinient prccipilnlion of 
that gold by zinc, oxygen is highly detrimental. It is very ailvan- 
tageous to remove oxygen from the clear solution before the treat¬ 
ment with zinc.* This is commonly done in practice by treatment 
in a vacuum vessel, as in the Crowe jirocess, wfiieh at one Americap 
eatablishment has apjiarently reduced the zinc consiiinjition by 
one-half The Crowe proce.ss has also been used with succesit in 
South Africa. Many alteniativc methodk of removing dissolved 
oxygenaire available ; treatment with tannin has been consid' »ed. 

Aluminium du.st has Ixicn tried in the place of zinc dust, but has 
not given univ’orsal s.iti^faction. 'I'he high jirice of zinc .has, how¬ 
ever, leti to many attefnpts to find a substitute, and charcoal is 
in use in many places, originally*in Wcstwif Australia, but now, 

> M. W. von Ben^wit/,, Min. Ind. 30 (1921), 308, 309, 311. 

•A, M. Merton * Min. WorldL 39 (1913), 429. 

® H. A. Wliitc, J. Chi'm. Met. Soc. S. Afnc^ 20 (1919), 1, 97 ; 21 (1920), 
105. T. B. Crowe, Trans. Amer. Inst. Min. Kng. 60 (1919), 111 ; 0. P. 

Met. Chem. 19 (191|), 662 ; 8. yowton and 1% L. Fewster,,/. Chetn. Met. 
Soc. S. Africa^ 22 (1922), 2*19. 
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to some extent, in South Africa.* I'he gold-bearftig liquor usually 
•passes through abed of charcoal, and wheq sufficient*gold has 
accumulated the xffiarcoal is burnt to recovoi* ifhe iircciou|i metal. 
The carbon is clca^ not the true redytinf^gent, but it is probable 
that reducing gases present in the charcoal, such as carbon monoxide 
and possibly hydrogen, bring about the reduction of the gold. 
'According to another view, the potassium gold cyanide K[Au(CN),l 
is retained by physical aelsorption, no reduction taking place untu 
the charcoal is burnt. The fact that charcoal usually requirej to 
bo heated to a red heat and quenched in water before it becomes 
“ active ” as an absorbent for gold is quite consi.stcnt with this 
view, although it can also bo explained on the theory that carbon 
monoxide or hydrogen is the reducing agent. 

At different times, the deposition of gol(\ by electrolysis of the 
cyanide extract has been practised.'* In the method used in South 
Africa for several j'oars (1887-1898), lead cathodes and iron anodes 
wore employed, the latter being hung in sacks; a good deal of 
cyanide was regenerated as a result of the electrolysis, and could 
bo used to leach more tailings. NoTnTally, however, the zinc pre¬ 
cipitation process is eheajM'r, but owing to the shortage of zinc 
during tho war, fresh experiments were made with electrolytic 
precipitation. 

One former objection to tho electrolytic process, namely, the 
difficulties of removing tho deposited gold from the cathode, has 
been avoided by the use of a higher current density (0-3-0-5 amps, 
per sq. ft.), under wliich circumstances tho gold is deposited as a 
non-adherent slime. Iron has proved more suitable than lead as 
a cathode material. An alternative suggestion to deposit the gold 
upop cathodes of waxed paper coated with flake graphite is of some 
interest; when the gold deposit has reached a suitable thickness 
Ijio cathode is removed, and the paper backing is burnt off from 
the gold.* 

Purification of Gold.^ Whether obtained by gravity separation, 
amalgamation, or by the cyanide process, the crude product does 
not’yield pure gold when melted up. Tho bullion nearly* always 
contains silVer and other metals originally present in the gold-grains 
of the ore; further, when tho cyanide process has been used, it 

often contains zinc and lead. The gold is often melted with silver 

‘ v <• 

ft 

• H. R. Ednmnds, I’rans. Insl. Min. Melt 27 (1918),*277 ; A. W. AUen, 

Met. Ghent. Eng. 18 (1918), 642 ; M. Green, Tranetimt. Min. Met. 23 (1913), ft 
65. , ' 

* G. H. Clovengor» Trana. Atner. Klcctrochem. Soc. 28 (1915), 263; H. A. 

M^raw, Eng. Min. J. 97 (IfOU), U232. « • 

I^y, Eng. Min. J. JOO i(1915)^^76. 
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to give an alloy suitable for parting, and is then parted by the acid 
process or by the •l^ctrqlytic process, both of whjDh were discussed 
in the section,on siWer. Where the gold is in, feat excess in the 
origina^naterial, other^mey'ods, such as thepliller chlorine pro- 
‘cess, may be preferred ; the Jliller proceis is used on the Hand. 

Uses of Gold. The uses to which gold is put in ordinary lifo 
(^ro too well known to merit a lengthy description. Gold possesses 
special importance as a “ standard of value,” although since the 
was few countries have been able to retain the gohi basis for their 
currency. The metal is used extensively in the manufacture of 
jewellery, watches, gold plate, and the like. A certain (piantity 
is rcquirtal in dentistry, while the salts find application in the toning 
of photographs ; but the use of gold for both these purposes is 
probably declining. A great deal of gold-leaf is used for lettering 
and decoration, wliilst the metal is used in the “ gilding ” of potbry. 
For this latter purpose the gold is often ajiplied t<i the pottery ns 
an organic, salt susj)ended in an oily medium, which also contains 
a mixture of substances (sujh^is borax and bismuth nitrate) which 
vitrify at a low temjierature. After application the pottery is 
fired at a comparatively low temperature. It is stated that the 
gold should contain about 1 per cent, of other metals, otherwise 
the desired lustre cannot easily be obtained.* Gold is also u.scd 
in some kinds of ruby glaze and glass. 

3'he employment of gold as a standard of value is, of course, 
primarily dependent upon the comparative .sparcity of the metal; 
and it is probable that the popularity of gold jewellery is duo 
quite as much to the value of the material as to the intrinsic beauty 
of tho articles. Gold forms, therefore, an exeeption to the general 
economic rule that tho high price of a substance tends to reduce 
its employment. Undoubtedly, however, gqld has one practical 
advantage over other materials, namely, that it is less prone to cot^ 
rosion or tarnishing than the less noble metals ; its lustre is alijost 
unafEectod by exposure to any ordinary atniosphere. Tjie mechani¬ 
cal properties of pure gold, on the otluT hand, are not favujurable 
to its use ; the metal is too soft and malleijble for general cmitloy- 
nient. Gold used for jewellery “ud coinage is alwaJ-H therefore 
alloyed with a little copper. 'British gold coins—now so rarely 
seen—contained 8-33 per cent, of copper; ^his alloy, which con¬ 
sists of a single solid s<jlution of^old and'eopper, is much harder 
than pure gold. • <, ’ ^ 

> Gold-plating. If 4n articla made of a less valuable metal be 
covered with a thin coherent film of g(Jld, this lends to the objwt 

> H. 1^. Pickanf, TrUtw. itel.*28 (1919), xlix. 
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the colour of gcdd and at the same time affordif protection from 
corrosion. A golj-platcd article thus combines) ^hc chcajlncss and 
mechanical stren™ of the common material itith the beauty and 
permanence of the loble metal. “ Gliding^’ is now chiefly brought^ 
about by electrolysis. 'J'la' article to be plated is made the cathode 
in a solution of a golil compound. In order to obtain a smooth 
Vleposit of the metal, it is best, as in the case of silver, to use ^ 
salt in which gold exists chiefly in the anion. Thus a solution 
of potassium aurocyanide is usually employed. Another g»od 
plating bath is made by dissolving fulminating gold in potassium 
cyanide. Gold anodes are placed in the solution, and, if these aris 
dissolved by the current iis quickly as metal i» deposited at the 
cathode, the strength of the hath can be maintained. The danger of 
passivity is largely a voide<l by kecjiingtheaiujlic current density low 
and it is therefore iidvisable to make tlu! arei^ of the amxles us large 
ns j)ossible in order that the current may be distributed over a wide 
surface. Nevertheless, gold-jilating baths do tend to lose strength 
during use ; they must occasionally be replenished by the addition 
of gold salts. Silver objects can be ])lated with gohl direct; but 
the more reactive metals are usually covered with silver before 
gilding, since if immersed directly in a gold liath they would be 
likely to cause the precipitation of gold in a spongy form by simple 
replacement. 

By varying the composition of the gihiing bath ami the condi¬ 
tions of deposition, a considerable range of colours can be obtained.* 
A comparatively cool bath (32° (k) gives a pale coloui', whilst a 
warmer bath (i)0°(!.) confers a deposit with a reddish tinge ; a low 
current density jmiduces a paler deposit than a high current density. 
By ysing a bath containing silver as well as gold, a deposit with 
a green tinge is obtained,^ whilst a reddish tone is given by baths 
containing copper. 

' f%. fomplcte list, of pilding Imths is given hy K. Fnuy, Trans, Anifr. 
Etfiirochem, A'oe. 23 (1913), .25., 

* Tile deposition of ttle “ green ’’ gold-silver idloys is diseufwcd by S. Field, 
Trans. Faraday Foe, 16 (1921), .502. • 
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• Zinc . 
Cadmium 
Mercury 


Atomic 

Normal Electrode Potential 

Weight. 

(Hydrogen Scale). 

Oo-Hf 

- -0-770 volts 

112-40 

- 0-420 „ 

200-0 

10-7028 „ 


I’lio metals of (!rou]) IIb diff(‘r from tliose of (Irouj) In iti pos¬ 
sessing a relatively inw melting-point and a low hoiling-point. 
The melting-points fi^l as tho utonn<! weight rises, and mercury 
is a licpiid at ordinary temj)eratures ; all the metals volatilize 
ap])reeiably when healed in a non-oxidizing atmosphere. 

Unlike most of the metals previously considered, zinc and cad¬ 
mium crystallize in the ITexagonal system. Most of the metals 
hitherto described have been cubic, but it is Jioleworthy that cer¬ 
tain divalent metals of Group 11a, beryllium and magnesium, also 
crystallize in the hexagonal system. 

The metals are less “ nobh' ” than those of the jircvious group, 
but hero again the noble (diaracter rises with the atomic weight. 
I’hus, whilst zinc is a highly reactive nietaj, disjrlacing hydrogen 
from dilute acids, and oxidizing (piiekly when heated in air, mer¬ 
cury is an extremely stable substanee. 

The metals arc for tho most part divalent in their ))rineipal 
compounds. In zinc the valency is almost invariable and ^irac- 
tically all the salts are colourless. In mercury, there is a second 
class of salts in which the metal would ajipear to be monovaleijt; 
coloured oonijaiuiuls are met with in the ease; of mercury. Although 
the normal salts of all the metals are well develo])ed, thertfis a 
marked tendency in the grouj) towafds'the formation of complex 
salts, H’specially complex chlorides and iodides, in which tlm metal 
appears in the anion. , 

It is noteworthy that tho'anodic dissolution and Ijie cathodic 
deposition of the metHls of this group are in general processes which 
take place smoothly and withsut comphe!atcd secondary effects. 
Passivity and yalve-aetiop are less frequently met with in metals 
of Group IlB|han in.those of most other groups. The general em¬ 
ployment of zinc in primary cells, and of cadmium and mercury in 
standard “ cells ”^^id “ half-cells ” (e.g. in the “cadmium standard 
cell ” and Jhe “ calomel electrqde ’') depends largely on this fact. 
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126 


METALS ASD JlETALLIC ^COMPOUNDS 


ZINC ’ 

Atomic weight . . . Co-37 

• 

Zinc is the first metal of Group Jin which we shall consider; 
lying next to copper in the periodic classification, it has certain 
points of resemblance to that element, many of the salts of the two 
metals being isomorphous. On the other hand, there is also a 
distinct similarity between the compounds of zinc and those of 
magnesium, a metal which we have placed in Oroii)) JU. 

• 

The Metal • 

Zinc is a whitish-grey substance, capable of taking a good lustre 
when polished.* It conducts heat and electricity well, but by no 
means so well as copper or silver, ^t Tirdinary temperatures cast 
zinc is slightly brittle, and specimens can often be broken on sharp 
bending. The fracture usually displays the crystalline structure 
of the metal; an ordinary rod of cast zinc, for instance, shows a 
fine radial structure, due to the o.xistence of long thin crystallites 
which have commenced to grow at the periphery and which have 
mot one another at tho centre. At higher temperatures (about 
160° C.) zinc is ductife and malleable; at this temperature it is 
readily rolled into sheet, or even drawn into wire. It commonly 
becomes brittle again when heated to about 180° 0. 'J'hc sudden 
drop in ductility at about 180° C. has been a.scribed to an allotropic 
chanV. and it is significant that many of the other properties of 
zinc, including the dcft.sity and hardness, ajppear similarly to show 
aff abrupt chaTigo between 170 and 180° C.'* Certain investigators,* 
however, state that the change of properties is not found in pure 
hot-rolled zinc, and consider that the change at 170° C. in zinc 
whicji has undergone cold deformation may bo simply duo to tho 

commencement of grain ^owth or recrystallization. Evidence* of 

• 

1 The reflijetion spectram of ziiic presents 8 oi*ig exceptional features, 
especially in the infra-rod region. See V.S. Bur. Stand. Sci. Paper, 379 
(1920), 251. ‘ • • 

*K. E. Bingham, J. Inei. Met. 24 (1920), 333. lliese views are supported 
by C. A. F. Benedicks, *J. Inst. Met. 24 (1920^. 354. * 

• W. Pierce, J. Jnsti Met. 24 (1920), 358. Coml)are G. Waaing, Zeitsdi. 

MetdUhunde, 13 (1921), 425. ^ 

* H. Le ChatoUer, Comptes Rend. Ill (1896), 464 i M. Wemor, Zeitsck, 

Aiufrg. Chem. 83 (1913), 27^ Compare E. Cohen W. D. Heldermon, 
Proc. Ama. Acad. 16 (1913)^ 565; 17^1914), $9. • 



another allotropi# change aboiA 300° or 300° C. hp been put for-* 
ward, bub the matter is still in doubt. F , 

Whatever view is taken of the question of theJUlleged allotropio 
change at 170—180° G., ^he ji^nsideration of the mechanical pro¬ 
bities of zinc is undoubtedly complicated by’the fact that zinc 
which has suffered slight deformation undcrgpes great coarsening 
of grain when annealed a little below 200° C.i The coarsely crystal- • 
line metal is apt to be very brittle at low temperatures, bu{. the 
meqfianical working of the coarsened metal at about 150° C. tends 
to break up the big grains and thus to refine the structure; such 
treatment renders the material comparatively workable even nt 
low temperatures.'*. 

The effect of mechanical work on the properties of pure zinc is 
somewhat exceptional^apparently owing to the fact that deformed 
zinc undergoes self-annealing at quite low tenijairatures. A sheet 
of rolled zinc when viewed in a micro-section does not display 
grains elongated in the direction of rolling; the structure is generally 
equi-axed.** Likcwi.se, although cold-rolling is able to bring about 
a considerable increase in tlft Ithninass of jnire zinc (if the reduction 
of thickness is sufficient), yet the added hardness is not permanent, 
and tends to disappear in the course of a few days at ordinary 
temperature.'* 

Whilst, however, the temperature at which pure zinc undergoes 
marked self-annealing is quite low, it i.s greatly raised by the pre¬ 
sence of impurities in solid solution, eajiccially copper. Thus 
whilst pure zinc can scarcely be maintained in a work-hardened con¬ 
dition, commercial zinc is considerably hardened by deformation 
at ordinary temperatures, and the hardening appears to be fairly 
permanent.® 

Zinc is a much more easily fusible metal than copper, silver, or 
gold; it melts at 41!)° G. It is di.stinctly ‘volatile even at the 
melting-point and boilS at about !)18“G. The density of the 
vapour has been determined, and seems to show that zinc in*tho 
vaporous state exists in monatomic molhcules. ' 

Zinc as a highly reactive metal. Thin foil, when strongly heated 
in air, may be made to burn with a bluish^yhite flamo, zinc oxide 
being formed in the combustioh. A good deal of heat ip liberated 
during the combination with oxygen. At ordinary temiieraturos 
oxidation proceeds onl^ superfiaially upsn'a fresh zinc surface, 

>G. TimoKef, Otv. Met. U»(1914), 127. 

* Z. Jeffries, B^l. Amen. Inst. Min. Eng. 138 (1918f, 1043. 

’ D. H. Ingall, J. Inst. Met. 26^^31), 281. 

* H. W. Brownsdon,^. Inst. Met. 26 (1921), 397-399. 

* Compare C. H. tt^hewson, C. S. T^ewia rfid W. B. Fiakoldoy, BMl. 
Amer. Inst, li^in. Eng. 153*(1919), ^776. , 
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•which soon b^omes somewhat dolled if exposed to moist air. 
But here the o^o film produced protects thp iiietal frcrm further 
oxidation. In ihe case of finely-divided zinc, the oxidation is 
much more marked, and fires havc^jbeeft caused at places where 
zinc dust has beeif stored owing to the heat generated by the 
oxidation. Zinc dujt suspended in air may constitute an explosive 
I mixture. Compact zinc exposed to damp air containing hydrogen 
chloride quickly becomes visibly wet, owing to the hygroscopic 
character of zinc chloride, and corrosion then proceeds very rapi^y.i 

When a piece of zinc is jilaccd in contact with tin! solution 
of a salt of a distinctly more noble metal, such as lead, copper or 
gold, zinc enters the solution and the other nvetal is precipitated 
usually in the spongy state. 'I'his rcjilacement of a less reactive 
metal by zinc is all the more rapid if the zinj i.s not uniformly pure, 
or where there is already another more nohle metal in contact with 
the zinc. For instance, as has already been pointed out, the precipi¬ 
tation of gold from very dilute cyanide solutions l)y zinc is a slow 
process; but if the zinc la; first covered with lead particles by 
immersion in a concentrated lead Hall solution, the reduction of 
gold proceeds apace. Facts of this kind show that the replacement 
of other metals by zinc is not a direct chemical interchange, but 
proceeds (lectro-clieniically, a number of little short-circuited 
electric batteries being forimsi, as explained in Vol. I, Chapter 
XIII. 

Zinc, standing on the reactive side of hydrogen in the Potential 
Series, will dissolve in dilute acids with the evolution of that gas, 
if brought in contact with a noble metal of low “ overpotential ” 
value, such as copper or platinum. Commercial zinc always has 
sufficient noble particles embedded in it to evolve hydrogen freely 
witli dilute acids, and actually the most convenient method of 
preparing hydrogen ‘in the laboratory is by the action of dilute 
sulphuric acid upon granulated zinc. 'But pure zinc will not 
diAolve readily in dilute sulphuric acid, unless brought into contact 
with a “ udblo ” substanto.' The best method of obtaining a rapid 
dissolution of zinc in this acid is the addition of a few drops of copper 
sulphate solution. Cf^per is precipitated upon the zinc, and acts 
as the cathode of the corrosion cduple. 

It is noteworthy that when moderately* pure zinc is immersed 
in an acid, the rate df attack is nlow at first, but after an interval 
(known as the period of induction) the*'evolution of hydrogen 
becomes rapid a»d the corrosion proceeds apaej. A moment’s 
consideration will show the signilicance of the ^riod of induc- 
thm. The traces of foreign metals exist partly in solid solution 
* IT. R. Evaib,. Tram^faraday See. (1923). , 
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in the zinc crystelB, and thcre/()re cannot servo as the cathodic 
elementsthe coitofion couples. As, however, the initial slow 
corrosion ^proceeds, the zifto begins to pass into Jio ionic state, 
and traces of the second raetel pass also into the acid solution. 

' I'his second metal is immediately reprecipitated in the metallic 
condition, as a separate phase, and then beginr to function as the 
cathode of the corrosion couple. Likewise the impurities which exist 
as a separate phase at the crystal-boundaries can play but little 
part jn promoting corrosion when tlic zinc is first immersed in the 
acid, being inaccessible to the solution ; ns the zinc is eaten away, 
however, these insoluble impurities become exposed and gradually 
accumulate. When.corrosiou has been proceeding for some time 
a black scum can usually be seen on the zinc which consists of the 
metallic impurities (e.g. lead and cadmium); if the block scum 
be wiped otf from the metal, corrosion is greatly retarded, and a 
fresh period of induction is observed.^ 

The effect of the presence of various elements in aiding the dis¬ 
solution of zinc in acids is very different. The presence of only 
0-01 per cent, of gold or platinum has a most marked influence, 
but the effect of other elements, such as arsenic and cadmium is 
less great. The comparative efficiency of different impurities in 
aiding the elindnation of hydrogen in gaseous form by zinc, is 
naturally connected with the different overpotontial values of the 
foreign metals in question,“ the overpotential of the metal being, 
in fact, of far more importance in determining whether hydrogen 
can be eliminated than is the position of the metal in the Poten¬ 
tial Series. Thus the presence of arsenic has comparatively little 
influence in accehirating the corrosion of zinc by acids.^ This 
fact, which appears to have puzzled some chemists, is quite to be 
expected in view of the fact that the overpotential v.iluc of arsenic 
is high.‘ • 

The liability of zinc to corrosion by acids is greatly reduced by 
rubbing the surface with mercury. Not only is tin- amalgainaced 
surface uniform in composition, and hehcc free front corrosion 
couples/ but the high overpotential value of the mercurj'-ijoh 
surface militates against the evolution of >Jiydrogcn in gaseous 
form. 

Zinc is attacked by ablutions of caustic alkalis, hydrogen being 

• • <k 

^ M. Centnerszwor and J.^achs, Zeitsch. Phys. Chem 87 (1014), 742. The 
theoretical views o4 these two experimenters are not held by the present 
writer. See U. R, Evans,.J. Inst. Met. 28 (1922), 120. 

* See A. Thiel, Zeitsch. Elektroejtern. 20 (IK4), 460. 

• M. Centnerazwer, Ze^eh. Phyt. Chem. 92 (1918), 563. 

‘ Compare 0. P. Watt* and N. D. WTiippIe. Trane. Amer. Elrctrvchem. SiJc. 

■ 32 (1917), 26a. 

M.O.—VOL. IV. 
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> evolved, and soluble zincates beirfg produced. *In a solution of a 
neutral salt, sileh as sodium chloride, compjet zinc is dess readily 
dissolved; aneorrosion leads to the formation of the insoluble 
hydroxide, which under certain f jrcurfstances forms a slimy, 
moderately adhfd’cnt layer upon the zinc, and obstructs to a. 
considerable extent the corrosive action.' 

Zinc powder is naturally much more readily attacked than 
compact zinc. If the powder is merely wetted with water, hydrogen 
is evolved. It is noteworthy that if air is present, a certain aipount 
of hydrogen peroxide is formed at the same time.' 

When zinc is used as the anode in an electrolytic cell containing 
a chloride or suljihate solution, it is attacked wi^h a current efficiency 
of approximately 100 per cent.' A familiar example of the nearly 
quantitative anodic dissolution of zinc is ptiorded by the employ¬ 
ment of zinc as the attackable element of a primary cell. 

Laboratory Preparation. In view of the reactive character 
of zinc, it is to be expected that difficulty will be experienced in 
reducing the compounds to the metallic state. The only convenient 
laboratory method of preparing the metal from its salts is by the 
electrolysis of a pure zinc salt in aqueous solution. Upon the 
electrolysis of a pure zinc sulphate solution acidified only very 
weakly, the metal is deposited on the cathode at a good current 
efficiency ; but if the solution contains traces of more noble metals, 
corrosion couples will be set up and the zinc will be dissolved away 
almost as quickly as it is deposited. The electrochemical ])recipi- 
tation of zinc requires therefore considerable care in the preqiaration 
of a ziiK! salt .solution qiiite free from all other metals, and especially 
from lead and copper. If a solution of pure zinc sulphate containing 
a trace of free acid is electrolysed, a compact, if somewhat rugged, 
coating of zinc is obtained. In order to obtain a good current 
efficiency, the .solution must be kept cool, and the acidity must 
be kept low : otherwise much of the current is wasted on the pro- 
ditetion of hydrogen. Sulphuric acid in regulated quantity can 
be used, but it is prefeTable to use a weaker acid; with a bath 
containing acetic acid along with sodium acetate, a current efficiency 
of nearly -lOO per c^t. is possible.' 

The pfeparation of pure zinc "from impure materials can be 
carried out by a distillation process, and an'electric furnace intended 
for use in a laboratory^equippcd' with a suitable power installation 

^ E. Frost, Buii* iSoc, Chm. Belg. 28 (1914), 98^ Compiere G. D. Beng^ugh 
and 0. F. Hudson, J. Inxt. Met. 21 (W19), 84. 

* M. Kornbaum, Comptes fiend. 152 (1911), 16^8. 

• » 0. R. White, J. Phys. Ckein. 16 (1911), 727. \ , 

*J. W. Richards, Trans. ^Ari^er. Elft^rocherN. Hoc, 25 (1914), 284. 
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has been designed to carry out refining by this m<4hod.’ In the 
ordinary laboratory, •however, it would prove ersier to dissolve 
the crudf luaterial in acid, eliminate foreign inetals from the 
solution by chemical means, and regenerate the znic by electrolysis. 


Compounds 

Zinc forms only one .series of compoinuls. in wliieli the nretal 
is apparently divalent. 

The oxide, ZnO, can be obtained, as has already been stated, 
from the metal by combu.stion in air: it may also be prepared by 
heating the carbonate, nitrate or hydroxid(‘. It is a white sub¬ 
stance, but becomes yellow at high tem]ierature.s- a fact which is 
interesting in view of th", circumstance that cadmium and mercury, 
the other metals in the group, have oxides which arc coloured 
even when cold. The hydroxide - i.s obtained by carefid precipi¬ 
tation (jf zinc chloiidc or nitrate with sodium hydroxide (if too 
much alkali is added, the preeinitate redissolves). The hydroxide 
as thus ])rodueed i.s a white gelatinous precipitate, which cannot 
be washed free from chloride.s (or Jiitrates) by cold water. 
Treatment with boiling water does succeed in removing chlorides 
(or jiitrates), but at 1(10' ('. tln^ hydroxide loses water, anhydrous 
zinc oxide (ZnO) being formed ; tiu! change is not characterized 
by an alteration in colour ■ as in the analogous case of copjrer- - 
but is rendered visible by the disapjiearancf? of the gelatinous 
character in the precipitate, which becomes “ gritty.” 

A crystalline form of the hydroxide can b(^ produced by adding 
zinc sulphate to normal potassium hydroxide cautiously until the 
Ihluid is just turbid. On violent shaking, or by scratching Ijie 
walls of the containing vessel, a sandy preeijiitate (.'on.sisting of 
tiny bar-shaped crystals comes down. This has a composition 
accurately expressed by the formula Zn(OH)j. It is, however, 
metastable, and if kept in contact with a .solution containing a 
trace of alkali, it is converted to the stable anhydrous oxide, which 
is less soluble in alkali than the hydroxide. ' 

Zinc oxide is amphoteric ; that is to say';* it possesSfes both a 
basic and acidic character. It dissolves in acids to form the normal 
zinc salts, but also dissolves in the caustic alltalis, to form the so- 
called “ zincates.” ® Zpic*hydroxide is alfc soluble in ammonia. 
The dissolution bgth in acid and in alkali proceeds most quickly 

• 

‘ F. A. J. FitzC6rald» Trans. Amf. Klectrochetn. Soc. 36 (1919), 319. 

* F. Goudriaan, Proc. .^nst. Acad. 22 (1918), 184. 

* F. Qoudriaan, Proc. fms(. Acad. 22 (1919), 179. Compare the earlier 

work of J. H. Hildebrand and G. Bowerft, J. Ainer. Ckem. Soc. 38 (1916), 
785; also A. Htntzscli, ZeflrcA. Am>r<7.'C6em.*30 (.1902), 298. • 
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in the ease ofWhe gelatinous hydroxide; but it takes place also, 
although more |lowly, even if the anhydrous'oxide is used, so long 
as this has not been too strongly ignite^t * ‘ r 

The liquid obtained on shaking-ftlnc hydroxide with alkali has 
been regarded by some'chemists as a colloidal solution of the zinc 
hydroxide, the alkifli acting merely as peptizing agent. It is now 
certain that the solutions contain, in addition to colloid partieWa 
molecules of a true zincato. Until recently, there was no certain 
information regarding the compo.sition of the zincates, but'Gou- 
driaan has not only isolated sodium zincate, but has worked out 
the equilibrium diagram of the system “ Zinc oxide-sodium oxide- 
water.” He finds sodium zincate to have the formula 

Na./).Zn0.4H,0.^ 

The isolation of the body is rcndei'ed a Httle diHicult by the fact 
that it is unstable in the ])resence of pim^ water, which causes 
immediate hydrolysis to sodium hydroxide and zinc oxide. Solid 
sodium zincate can only exist in contact with a very strongly alkaline 
solution. Whim, for instance, 50 grams of sodium hydroxide are 
added to 50 grams of water, and 17 gratnsof zinc oxide are introduced 
in small quantities, sodium zincato crystallizes out from the solu¬ 
tion, and can be .separated and dried on porous earthenware, 
precautions being taken to pi'ovent access of air or carbon dioxide. 

Zinc Salts. All the zinc salts are colourless, e.xcept in the case 
of the salts of coloured acids. The solnbk sall.i may bo obtained 
by the action of the corresponding acids upon metallic zinc, or by 
the dissolution of the hydroxide or carbonate in the acids in ques¬ 
tion. The sulphate, ZnSOj.711,0, crystallizes in fine rhombic 
prisms, aiul is a member of that large class of isomorphous sulphates 
which is characteristic of divalent metals, and which includes the 
sulphates of zinc, cadmium, magnosijim, divalent iron, nickel, 
cobalt, manganese, arid ehromium. 

Zinc chloride may bo obtained in solution by the action of 
hydrochloric acid on the metal or hydroxide. On crystallization, 
this solution yields a hydrate ZnCL.HjO. The hydratfe has its 
water of” crystallizi^ion firmly attached to the molecule; it is 
somowlMt difficult to drive off the water hy heating, without raising 
the substance to sijch a temperature that the salt loses hydrogen 
chloride. The anhydlous chldride, hbwpver, may be obtained by 
the action of dry chlorine upon metallic zinc. , It is a white solid, 
with a great afflrtity for water; itjs deliquescent, and, when exposed 
to damp air, absorbs so 'much water thaLit becomes dissolved in 
‘it, and the solid salt gradually turns to\q syrupy liquid. The 
combination of zinc, chloride ovith rfater is attended with the 
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evolution o£ heat. It will be remembered that the lighter members' 
of Groups IIa, magaesium and calcium, have also deliquescent 
chlorides^ Aiihydrous zinc chloride is volatile at a red heat, and 
can be purified by sublimatin '; the vapour density corresponds 
to the formula ZnClj. 

Solutions of zinc chloride readily lose hydrogen chloride when 
boiled, and on the subsequent addition of water, a preeijutato is 
generally formed. This is often described as a basic chloride or 
“ o.x,ychloride,” and is sometimes said to contain the compound 
Zn(OH)Cl, mixed with zinc chloride. Po.ssibly, however, it con¬ 
sists merely of zinc hydroxide with iwi.sorbed zinc chloride. 

Complex salts ara formed between zinc chloride and ammoinum 
chloride, and it seems likely that even in an ordinary acidified 
solution of zinc chloride complex salts of the ty))o H[ZnCl 3 l, 
taining the ziiu^ in the anion, exist.' 'I'lie tendency of zinc to enter 
the anionic condition is .shown by the fact that zinc chloride, 
added to a blue cobalt chloridi' solution, restores tlu^ red colour 
by forcing the cobalt from th(^ anionic to the cationic state. 

'I'he insoluble -nUs of zinc are formed through the (rreeipitation 
of soluble zinc salts by the sodium salts of tlu'. acuds in question. 
Thus the addition of sodium carbonate to zinc sulphate .solution gives 
a precipitate of zinc carbonate, ZnCO,, which soon loses carbon 
dio.Mile, and pa.s.ses into a basic carbonate. Similarly, the addition 
of sodium sulphide to a solution of zinc sulphate gives a white 
precipitate of zinc sulphide ; this is deeom])osed by mineral acids, 
with the production of -a. soluble zinc .salt and the evolution of 
hydrogen sulphide gas, but is -undissolved by dilute acetic acid. 

Zinc sulphide, ZnS. is a compound of some little interest owing 
to the fact that it oft(m shows pJwsphoresccnt properties. It will 
bo remembered that the sulphides of certain other divalent metals, 
such as magnesium, calcium, strontium, and barium, acquire phos¬ 
phorescent properties when heated with minute traces of a com¬ 
pound of a heavy metal, such as copper, together with n suitable 
fluxing agent. Many of the older investigators 2 de.Iered that 
zinc sulphide may be phosphorescent even when quite pure, but 
recent careful work has shown that, if prepared in a per' ‘ctly pure 
condition, zinc sulphide does not become phosphorescent on heating." 
The presence, however," of a minute trace oj copper is sufficient 
to cause marked phosphorescences * 

As in the case^of the sulphidqs of other metals, the presence of 
a fluxing agent is very beneficial to obtaining*a strongly phos- 

* J. H. Hildebrand ajid^. G. Bowers, J. Amer. Chem. Soe. 38 (1916) 785 
•C. Henry, Comptea Aend. 115 (1892), 506. t * 

*B, Tomasebek, Ann. Phfe. 65 (1021), k89. 
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phoresccnt nn,terial, although if the temperature employed is 
sufficient to mel^ the zinc sulphide itself, fluxinj; agents 'can be dis¬ 
pensed with'; chlorides appear to be ipost beneficial ^s fluxing 
agents. If prexiipitated zinc sulplitle, e'ontaining a suitable pro¬ 
portion of potassium chloride and a trace of a heavy metal (such 
as copper or mangame.se) is heated in a crucible at about 1,000'^ C. 
for half an hour, a strongly phosphorescent product is obtainejj. 
The proportion of fluxing agent may be perhaps one-fifth of that 
of the zinc sulphide, but only very small amounts of the heavy 
metal (about , o.'iimi of the sulphide) are desirable. The conditions 
governing the phosphorescence of zinc sulphide an; thus ckwely 
analogous to those governing the jihosphosescence of calcium 
sulphide. 

llio temperature at which the materia4' is heated has a most 
important influence on the phosphorespence of the product.* 
Thus, heating at below 0.50° C. produces only feeble phosphores¬ 
cence, i)reaumably because at thi.s temperature there is but little 
fusion, and the zinc suli)hide Jind the heavy metal are not brought 
together into a single phase ; this is eoidirnn'd by the ap|)earanco 
of the product, which is described as being " viscous and amor¬ 
phous.” Heating between 0.50“ and 000“ C. yields a highly phos- 
j)horcsc(mt product, which is described as having a “ semi-crystal¬ 
line ” appearance when viewed under the micro.scope; this appear¬ 
ance probably indicates that partial or suj)erficial fiuion has 
occurred. If heated to a very high temperature (1,100° C.), the 
phosphorescent qualities of the product again decline, the product 
being now “ purely crystalline ” in appearance. Some investiga¬ 
tors have sought to connect phosphorescence with the existence of 
a jkin of non-crystalline matter tightly stretched over the surface 
of the zinc sulphide crystals, which are .supposed to bo kept thereby 
^in a state of strain.' It appears to the present writer that other 
explanations might be suggested ; for instance, the comparatively 
wJak activity of the sulphide obtained by heating at a high tem¬ 
perature may be due to the comparatively small radiating smface 
presented by this more compact variety. It seems unlikely that 
the crystalline chara^er of the substance has anything to do with 
its phosphorescence, since zinc sulphide is known in two separate 
crystalline forms (cqbio and hexagonal), ind both have been pre¬ 
pared in the phosphoibscent conditioni* ' 

The colour of the light emittod^by phosphorescent zinc sulphide 

> E. Tiede and A'. Sclileede, Ber. 53 (1920), 1721. 

' E. MacDougall, A. W. SVewart, aSd R. Wright, Trans, Chem. Soc. Ill 
(1917), 883. \ 

* E. Tiede and A. Schleede, Bsr. 53 (1920), 171»,‘ A. A. Guntz, CompUs 
Bend. 174 (1922), 1366. , 
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varies with the conditions between blue and green. I^i the presence ‘ 
of manganese it is described as golden yellow.^ 

The cl<jpe oo.inection between fluorescence and phosphorescence 
is well shown by certain resear^il'es on zinc sulphide. Thc'spectrum 
of the fluorescent light given off by zinc sulphide during illumina¬ 
tion by a mercury arc lamp was compared witli that of the phos- 
uVioresoent light which it continues to omit after the exciting light 
is shut off; it is found that the distribution of energy in the 
fluorescent and phosphorescent spectra was the same.“ 

Like uranium nitrate (another fluorescent substance) many forms 
of zinc .sulphide containing a heavy metal impurity (o.g. man¬ 
ganese) show the jihenomenon of “ tribolumincscence ” and omit 
light when crushed. At the .same time pressing or crushing causes 
a marked decrease in the phosphorescent properties, and a distinct 
change in colour, which becomes brownish.’ It is noteworthy 
that the amount of impurity required to produce strong tribo- 
lumincsconce is generally much greater than that suited for the 
production of strong phosphorcsiamce ; many samples which show 
strong tribolnmi!.("'rence arc only weakly phosj)horcsccnt.^ 

Zinc cyanide is a white precipitate obtained by the addition 
of potassium cyanide to a zinc sulphate solution ; it is soluble in 
excess of potassium cyanickq giving a complex potassium zinc 
cyanide; a similar phenomenon has been already noticed in the 
case of the corre.sponding copper, silver, and gold compounds. The 
ferrocyanide may also bo obtained by precipitation in dilute 
acid solutions, and is properly a white sub.stanc(!; but it is readily 
oxidized, the colour becoming yellowish during the change. Other 
insoluble zinc salts are the phosphates and oxalates, prepared 
by precipitation with the corresponding sodium salts ; they are 
white precipitates. * 

Zinc Peroxide.’ When hydrogen peroxide is added to zinc, 
hydroxide a white body of indefinite composition is formed; 
this is apparently a mixture of compounds, but is believed” to 
contain bodies of the state of oxidation represented by tlic formula 
ZnOj.nHjO. It loses the active oxygen on heating. » 

Organic Compounds of Zinc. Very important to Lie orga.nic 
chemist are certain compounds of zinc with “ alkyl groups. ’ When 

» K. A. Hofmann and V,. Dacca, ftr. 37 (IflM)! 3410. 

‘ C. A. Pierce, Phyt. Ke(>. 30 (1910), 663. 

’ P. Lenard and*V. Klatt, A/in. ‘Phyt, 12 (1903), 439; R. Tomaacbek, 
Ann, Phy). 65 (?921), 196. • 

‘ A. Karl, Complex Bend. 144 (190p, 841 f 146 (1908), 1104. 

• A recent study of ths^peroxide which leads to various suggestions regard¬ 
ing structural formulae, la due to F. W. SjOetrOioa Zeitfch, Anorg. Chem. 100 
(1917), 237. 
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excess of ethyl iodide (CjH,I) is I?eated with ziBc, a white crystal¬ 
line compound CjHjZnI is produced; on gthmgor hfeating, this 
yields zinc iodMe and zinc othide, the latter being obtained by 
distillation in a current of an inqj(;,ga?, 

5c,H,ZnI-, Znl,-f Zn(C,H,),. 

Zinc ethlde, Zii^CjHjIj, is a heavy colourless liquid, boiling at 
118° C., which usually takes fire spontaneously when exposed X 
the air. The analogous compound, zinc methide, ZnlCH,),, is 
similar but more volatile. Both compounds are used in the* syn¬ 
thesis of several organic compounds. 

Analytical 

When compounds of zinc arc mixed vvitji sodium carbonate and 
heated on charcoal in th(^ blowpipe flame, an incrustation of zinc 
oxide is formed round the mixture ; this incrustation is yellow 
v/hon hot and white when cold. The phenomenon, which is char¬ 
acteristic of zinc, dopenils upon the volatility of the metal; the 
zinc compound is reduced to the iftetitllic state by the carbon, and 
the metallic vapour travels out into the oxidizing zone of the flame, 
where it becomes reoxidized, and the oxide is deposited upon the 
charcoal. Another dry test may be used to recognize, zinc com¬ 
pounds ; if any zinc salt be ignited upon charcoal before the blow¬ 
pipe, then moistened with cobalt nitrati' solution and re-ignited, 
a green coloration may bo observed; this coloration is due to 
bodies of the nature of “ Rinmanii’s green ” referred to in the 
section on cobalt pigments (Vol. Ill) 

As all the ordinary zinc salts are colourless, tluTc arc no very 
striking reactions which would help in the recognition of zinc in 
aifueoiis solutions. The fact, however, that sodium hydroxide 
proeliices in zinc salt solutions a white precipitate which rcdissolves 
•in excess of the precipitant distinguislles the metal from many 
otfiers; the salts of aluminium, lead, and tin, however, also show 
this phenomenon. The white precipitate obtained when hydrogen 
sulphide is bubbled through a solution which is ammoniacal, neutral, 
or aoidifie(J only with acetic acid, is also characteristic. The pre¬ 
cipitate obtained vfith potassium ferrocynnide is sometimes 
recommended as a test. i 

The separation of j|jnc front,, other,nmtals depends upon the 
peculiar conditions under which the sulphide is precipitated. The 
solution is first acidified with h'ydr6chloric acid and hydrogen 
sulphide is bubbled throygh the" hot solution, in order to pre¬ 
cipitate the metals whose sulphides are inso'i^ible in mineral acids; 
after filtration, and boiling to remove excess of hydrogen sulphide, 
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certain other motafa, iron, alnmffiiuni, and chroniiun^ arc removed, ' 
as hydroxides, by tht addition of ammonmni chloride and ammonia. 
If ammonium aulphide is added to the filtrate, ziric sulphide will 
te precipitated; but if wMfcj,,^obalt, and mangane.se ajo present 
ttcse metals also will bo jirccipitatcd as .sulidiidos. 'I’lie separation 
of zinc from these three metals depends ujion the fact tliat zinc 
alone can be precipitated as sulphide by the rajiid passage of 
Jiydrogcn sulphide through a cold solution eontaining a trace of 
free sulphuric acid ; it has been stated that the iireeipitation of 
zinc is complete even if the eoneentration of aeiil lai as high as 

N 

100' which is quite siilKeient to prevent the |)recij)itation 

of any cobalt, nickel, or manganese.' 

When the zinc is eonqiletely precipitated as sulphide, this may 
at once be filtered olT tjirongh asbestos fibre in a wi'ighed Gooch 
crucible, dried at 100 (' , and the weight def(“rmined. Or the 
sulphid(( may be redissolved t)y heating in dilute sulpimrie aeid 
and the solution jireeipitated with sodium earlionate ; zinc car¬ 
bonate is convert-d to oxide on gentle ignition, and zinc may be 
weighed as the latter compound. A dillienlty always arises, how¬ 
ever, if an attempt is made to filter a ziiw in-eeipitate through 
ordinary filtcr-])a]ier. It is imjiossible to remove the |)rccipitato 
completely from the filter-paper, and if an attempt were made to 
obtain the residue by burning the filter, reduction of zinc to the 
metallic state would occur during th(^ combustion, and, owing to 
its volatility, the metal would pass off as vapour and bo lost. 
Therefore zinc precipitates f hould either be filtered through asbo.stos, 
or alternately through a filter-paptr which is dried and weighed 
before use, and can be weighed again afterwards with the dry 
precipitate. * 

Another plan is to estimate zinc as the metSI, which is ((btained 
as a smooth deposit by electrolysis.- If the zinc is presz ' in the* 
solution as sulphate, it should be run into a solution eontain/hg 
sufficient excess of potassium oxalate to avoid the prbeipitation 
of zinc oxalate ; the clear solution obtained contains the sohffile 
salt, potassium zinc oxalate. From this complex salt selution the 
zinc can be precipitated completely, as a smooth bluish-white 
deposit, upon a weigheef cathode. The solution must bo free from 
metals more noble than zinc ; nitrates and most oxidizing agents 
interfere with thg deposition, anfl the presence of ammonium salts 
is said to be disadvantageous. . 

* See W. W. Scott, “Standard Metho<1a of Chemical Analysis ’’ (Crosby 

Lockwood), 1917 edttmi' pp. 479, 483, 486, 48& . 

* H. E. Met^wsy, JUer. A Set. 18 (1^^, 58. 
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It is not f^visable to deposit^inc directlj* upon a platinum 
cathode, since zinc alloys easily with platimuh, and if is difficult 
to remove the zinc-deposit from the platinum baste without loss 
of the precious metal or damage t(^ttio Bfectrodo. It is preferable 
therefore to covA- the platinum elcctrolytically with a layer of • 
bright copper, and after drying to rc-weigh the electrode; the 
zinc may then be deposited on the copper, and the gain in weight 
shows the amount of zinc obtained from the solution. 

Various volumetric methods for the estimation of zinc have, been 
described.* The metliod usually recommended depends on the 
insolubility of zinc sulphide. An ammoniacal zinc salt solution 
is titrated with sodium sulphide solution, whiph is added in small 
quantities from a burette. After e.ach addition, a drop of the 
liquid is taken out on a stirring-rod, atql brought into contact 
with a drop of lead acetate solution on a^filter-paper; so soon as 
sodium sulphide is in excess, the drop produces a black precipitate 
with the lend salt. When this black colour is seen for the first 
time, it is obvious that enough sodium sulphide has been added 
to precipitate the whole of the ziilb. *lf the strength of the sodium 
8ulj)hide solution be known, the zim^ content of the solution under 
examination is easily calculated. Unfortunately sodium sulphide 
does not keep well in solution and the strength must bo deter¬ 
mined frequently by titration against a standard zinc sulphate 
solution. 

Apart from this objection, methods of titration which make use 
of a “ side-indicator ” are never very rapid. A modification of the 
method, which is jiractised at various zinc-smelting works, con¬ 
sists in adding a drop of ferric chloride to the warm ammoniacal 
zinc solution ; red flakes of ferric hydroxide appear and sink to 
thb bottom of the beaker. Sodium sulphide is now run in until 
those flakes change their colour from red to black, due to the for- 
'mation of iron sulphide. This change Indicates that all the zinc 
h»B been precipitated. 

Another volumetric method for the determination of zinc depends 
uppn titration with potassium ferrocyanide ; it is considered to be 
inferior hi the sulphide method.^ 

Tebbe.strj/il Occurrence op Zinc and Lead 

* < • • 

The geo-chemistry of zinc is so closjly coimected to that of lead 
that it will bo cwvcnient to consider the, two mjtals together. 

Zinc and lead, like co|j^)cr, muit have been minor constituents 

* * For details see F. Sutton,, " Volumetrie (Churchill}. 

• See E. Olivier, J. Soc. 04em. In^ 40 (1421), 107t. , 
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of tho original rock-magma, lodging from the ai^lj'ses of the 
different igrteous rocks.acceBsible to us, tho content of each of tkise 
throe elements vas prebably under 0-01 jjer cent. But, as already 
frequently e.\plnine(l, tliey havybecome concentrated in th> thermal 
waters evolved in the later stages of the consolidation of an intrusive 
mass, and have been carried upwards, probably in the form of 
sulphides held in solution by the water, which contained hydrogen 
sulphide under pressure. As the waters ro.se, the various motallio 
sulphides were liberated, but not at the same points, since the 
conditions favourab](^ for deposition of the three metals are not 
identical. ('o])per, as already stated, is de))osited readily along 
with iron, as some highly insoluble double sulphide, such as copper 
pyrites (thiKeS,); but the sulphide of zinc is ])robahly more soluble, 
and will generally remain in solution after all the copper has been 
thrown down. 'rh(' principal factor which will determine whether 
or not the precipitation of zinc sulphide can occur is the hydrion 
concentration : it is well knowpt in the analytn'al laboratory that 
zinc sulphide can readily be thrown down from a neutral or alkaline 
solution, hut not from a highlf acid solution. Hence the zine- 
laairing waters arip likely to throw down zinc sidphide wherever 
tlupy pass upwards through.a basic formation such as limestone, 
which will greatly reduce the hydrion content; but they will not 
deposit it to the same e.xtent at other iKpints. W(! find, therefore, 
the sulphide of zinc 

Zinc blende (sphalerite) . . Zn8 

often a,s.soeiatcd with lime.stone. The same is true of the corre¬ 
sponding lead sulphide 

Galena ..... J’biS. 

In the case of lead, however, the limiting value of the hydrifin 
concentration (above which jireeijiitation of sufjihide cannot occur) 
lies higher than in tho case of zinc. 

It is, for instance, noteworthy that in the Western ffitatesiof 
America the cojiper veins occur in all sorts of format iims, whilst 
the lead and zinc minerals occur together jiractieally only in liqje- 
stone (as in Nevada and Arizona).* Moreover, whilst the copper 
occurs largely in veins, along v^dh quartz and other tyjucal vein- 
minerals, lead and zinc—although also found in veins—occur 
largely in chambers in the. limestone, oftcii filling in the cavities 
where the limestone hos*been eaten away in neutralizing the acid 
waters. Purth^ the ^alcit’e o^ the limcstone.is often changed 
locally by “ metasomatie replacement ’’/to the ore-mineral, which 

* Compare tV. Lindgteh, " Mineral Deposits " (JlcOraw-Hill), 1919 edition, 
p. 921. 



140 


MBTALS iJlt METALLIC COMPOUNDS 

• 

' in some easeij reproduces faithful^ the structure of the limestone 
as it existed oefore the change. In .fact, we.sdmetimei^find, in the 
limestone, fossil remains of organisms that* existed in the sea in 
which tl^ limestone was original|j^,foi1ned; but the dossils now 
consist no longcf of c.aleium carbonate but of compounds of lead* 
or zinc. Where a.lode with zinc and lead ores passes from lime¬ 
stone into some other formation, it usually becomes almost “ bar¬ 
ren.” Numerous examples may be found in this country of a lode 
ceasing to bo productive where! it passes from carboniferous, lime¬ 
stone into the overlying “ millstone grit.” 

Of the two minerals mentioned above, zims blende is a mineral 
varying in colour from yellowish white through brown to black, 
according to tlu! content of iron ; it may indecsl be colourless 
when pure. Where fr(!edom of growth haj been allowed, it is often 
found to have crystallized in tetrahedra ; more often it is massive, 
or occurs in fibrous growths. A seeond^erystalline form of zinc 
sulphide, known as wurtzite, is al.so found in nature ; it belongs 
to the hexagonal .system. The sulphide of lead (galena.) is a heavy 
lead-coloured mineral with brighf mftallic lustre, often occurring 
in remarkably p(!rfeet cubes or (ube-o(!t.ahedra. As a rule, n(!ither 
mineral is pure ; zinc blende geneiajly contains, besides iron, a 
considerable quantity of cadmium ; galena usually contains silver, 
and sometimes other metals. 

By the weathering of primary zinc-lead sulphides, c.arbonatcs 
and snlphates are formed. The carbonate of lead is known as 
tlerussite .... PbCOj 

and the sulphate as 

Anglesite .... Pb.SO,. 

Both are insoluble, and are common constituents of the upper 
^(oxidized) portions*of zinc-lead deposits. On the other hand, 
zinc sulphate is soluble, and, where formed, is usually carried 
affay by meteoric waters ; thus the upper portions of zinc-lead 
deposits tiro often comJ)artitively free from zinc. In general the 
zi*c sulphate will react with limestone Wore it has been carried 
far, forming the insqluble carbonate which is known as 
• Smithsonito . ^ . ZnCOj. 

It is possible that* by the action of.doscending and percolating 
waters, both zinc and lead may be disSolved at certain points, 
and re-deposited .at others. Consequently., man^^of the zinc-lead 
ores occurring in limestrjfies in different countries are probably 
pot primary ores at all, but have been forilted by the reaction of 
the limestone with desdbndipg waters of meteoKc origjn which have 
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become zinc-bcarin|; or lead-beafing through the lea|hing of older 
ore-deposits*. In otBer cases, pyrites or other sulphides may have 
acted as t^e precipitant fpr the zinc held in solution in percolating 
waters, secondary deposit? of, tine blende being produced. It is 
•often very difficult to decide 'whether the lead-zfno ores found in 
limestone are of primary origin (deposited from ascending thermal 
patters), or of secondary origin (deposital from descending meteoric 
waters), and a great deal of controversy has arisen amongst geolo¬ 
gists as to tlie origin of the ores in different districts. In a typical 
series of ores dejsisited from (les(;ending waters, tlie ores are likely 
to die out gradually as we follow them deeper into the earth’s 
interior. Zinc sulj)l»ide, which is more soluble than lead sulphide, 
and which is therefore less easily deposited, may persist to a greater 
depth, and thus in tin; cleejjer portions wo get zinc ores compara¬ 
tively fr(>e from lead ; tmt if we go low enough zinc also will fail. 
Perhaps in the upper jiarts we may get lead ores comparatively 
free from zinc. In ores dei)osited by aseending waters in so far 
as'there is any sejiaration of the two metals- the lead is likely 
to be ri<;her in tie- deeper parts*and the zinc in the U])per |)arts. 

Amongst other oxidized ores of zinc 

Willeniito .*.... Zn.Sit), 

and Hemimorphite (“ Klectric calamine ”) ZUjH.SiOj 
deser\e mention. In addition the oxide 

Zincite ...... ZnO 

and the zinc sjiinel 

Franklinite ..... ZnO.Fe^Oj 

are found in A’cu .leisey in a ery.stalline limestone, pierced by 
granitic dykes and in contact with a gneiss. It was probahIy,an 
ordinary limestone containing zinc ore, hut tlyj limestone has been 
“ baked ” at a later date.by contact with the igneous rocks. Thiri 
heat has caused rccrystallization of the limratone, and has con¬ 
verted the original zinc compound (probaljly tho carbonate) to the 
state of oxide. Franklinite usually contains manganese. 

Amongst the less common oxidized lead minerals we find %he 
chromate, molybdate, and tungstate; they are known’as 
Crocoitc. t ... . PbCrO,* 

Wulfenitc .... * b PbMoO, 

Stolzite PbW 04 . 

# * * 

A large proportion of the world’s rich zinc and lead ores are to 
be found in the United States ’and in ilexico. Some of the most 
important deposits occur in Idaho, Montana, Utah, Colorado, aijd 
also in the ^ell-known doplin ^istrigt of Missouri and Kansas. 
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• Many of tlig ores—notably thSe of Idaho^ontaiti a highly 
argentiferous galena and arc regarded rather is silver ores thaH as 
ores of lead and zinc. In many cases dyitirtet silvCr miperals also 
occur in»the ore, intimately mixti wfth the compounds of lefid 
and zinc. The Well-known ores of Ixmdville (Colorado) occur in’ 
limestone of earUmiferous age, between the limestone and an 
imjjorvious porphyry rock above. The lead has hero probacy 
been brought up by waters ascending from an igneous mass below, 
although some authors assert that it has been deposited by descend¬ 
ing (meteoric) waters, which have derived their lead-content from 
some primary ores which have since disappeared. The zinc and 
load ores of the Jojtlin district are probably of secondary origin.' 
In contrast with most Am('riean h'ad ores, many of those occurring 
in the Mississippi and Missouri region arcieomparatively free from 
silver. ^ 

Zinc and lend minerals oee.nr in various limestone formations in 
Europe. In the British Isles,® the carboniferous limestone of 
Di'rbyshire, Elintshire, (kindierland, and the South of Scotland, 
contains both lead and zinc minerals ; the zinc, for the reasons 
already e.xplained, is often found mainly in the lower parts of the 
ore-bodies. Some of the Elintshire l(\ul-ores are nearly free from 
zinc. The galena, esp<’eially in Derbyshire, is associated with fme 
crystals of lluorspar. The ores of Belgium and the adjacent parts 
of Germany also occur mainly in a limestone of carboniferous age, 
now largely dolomitized. T’he ores are partly in veins, partly in 
cavities in the limestone, and are partly found replacing the lime¬ 
stone itself. The minerals are sulphirics (zinc blende, etc.) Ijolow, 
and are o.\idized substances (calamine, etc.) in the higher portions. 
The ('.\tensiv(3 ores of Silesia, which contain- in addition to lead 
aiul zinc—an ai)prceiablc quimtity of silver, occur in a limestone 
of triassic age ; herd again we find sulphides below, and carbonates 
*und silicates above. jMiother country rich in ores of lead and zinc 
isSSpain ; the zinc ores, consisting of blende in the lower portions 
and oxidized minerals'in* the upper portions, occur in various 
linjestones—some of carboniferous age, but others of a much later 
date. Much zinc ore is now mined in Algeria. 

The rcpiarkable ores of lead, !!ino, and silver which occur at 
Broken Hill, Australia, call for special Amark. Here there are 
two big lodes; the neain one*measure? 60-100 ft. across, and 
traverses a gneissio rock. It cqntajns zinc b|ende and highly 
argentiferous galena, along with quartz, fluorite, garnet, and other 
minerals. The upper palt is Mgely oxidized, the lead being 

‘ ■ C. K. Sielienthal, V,S.,aeol. Sun., BuU. 606 <191.5). 

“See also A. M. Fiiila)'soi>, Quart.,J. Oe^. Sor. 66 (lOiUl), 299. 
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present as carboKate, Whilst at ^he junction of the ^xidized and 
unoxidizod “portions; there is, a zone of secondary enrichmont 
containing abundant silver as sulphide. 

' , 1 * ' t 

• - Metallukoy and Uses ' 

Zinc—unlike most other metals— is a volatile substance, and the 
lliCthofl of metallurgy i.s essentially a process of <listillation. This 
process serves to sejiarate zinc from the non-volatile metals such 
as iron, ubieh is almost invariably prc.sent in ziui- ores, and to some 
extent from lead, but not from other volatile metals, like eadmium. 
It is possible to treat the ores containing intimabily mixed zinc 
and lead minerals, without previous separation, if the lead-content 
is not too large. Nevertheless it is very much better to .subject 
the ori’s to a preliminary concentration process, so as to jiroduee 

(1) « 'iitic concewtratf, and 

(2) a kwl-nilver conccntmlc, 

and, at the same time, to eliminate to some extent the less valuable 
minerals, such as euartz, ealeite, jiyrites, barytes, and fluorspar. 
The removal of the latti'r mineral is particularly important if it 
is intended to u.se the gases* obtained during the roasting of the 
ore for making sulphuric acid, since fluorine would attack the lead 
chamis-r in which the acid is produced. 

Various methods have been employed for the ,se]iaration of the 
diffi'rcnt minerals. Gravity separation on jigs and VVilHey 
tables gives fairly' gooirre.siilts. Galena is much heavier than zinc 
blende, which in turn is heavier than quartz and ealeite. Magnetic 
separation has also been employed ; usually the ore is first given 
a short roast to convert pyrites to the magnetic oxide of iron. 
Treatment in the Weatherill sejiiirator (described in Vol. I, page 12(t) 
with a comparatively weak magnetic field serves to eliminate the 
magnetite. A magnetic iiroccss is used in America, for the rl.inina- 
tion of iron from zinc ore.“ Magnetic separation was also ustM 
at Broken Hill some years ago, where garnet &nd other iron'rainerals 
ifere separated by a preliminary treatment, and then, by sub¬ 
jecting the ore to a more powerful field, thq blende was piillevl 
out from the galena.’ Howoverrdiho process has there bee^i super¬ 
seded by flotation, which is found to be cheaper. 

“ • • t K 

* H. O. Hbfman, " Metallfrgy of Zinc and Cadmium " (McGraw-Hill ); 
W. R. Ingalls, " Th« Metallurgy «f Ztno and Cadmium ” (Engineering and 
Mining Journal) ; F A. Smith, " Zinc Industry ” fLongmans, Green); T. E. 
Lones, "Zinc and its Alloys” (Pitiftan); R.<’G. M. Liobiv. "Zink und 
Cadmium ” (Spamer). 

•E. G. Deutman, Eng.Min. J. 107 (1919), 1107, 

»H. M. Ridge, V. Soc. Chem.'Ind. ^(1917), 070. 
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At first flotation was used siifcply to separate the zinc blende 
from the ganguc, after the galena,had beeji‘removed'by gravity. 
Later it was found that galena adheres tft the fnoth more easily 
than ziig; blende, and that by cjrpfuRy adjusting the'^conditions 
it is possible t6 separate, by flotation, first the (svsily flotablft 
galena, and afterwards the less easily flotablo blende. The' differen¬ 
tial flotation of zinc and lead has proved successful at Broken Hill, 
Australia. * More than one process is used there. In one method 
now practised,- the ore is .subjected to a preliminary concentration 
by gravity. The heavier portions arc ground and mixed with 
water ; the pulp is then made weakly aeid and is chmnod up with 
the addition of just enough eucalyptus oil fo “ lift ” the galena, 
but not to " lift ” the bh'iide. In this way a “ lead concentrate ” 
is obtained. Thmi, after most of the l^ad has been taken out, 
the pulp is made rather more acid, and further oil is added— 
factors which are. favourable to Hotatiorl- so that the blende also 
rises into the froth, and a “ zinc concentrate ” is obtained, the 
gangue remaining in the tailings. The zinc concentrate is usually 
further treated on Wilfiey tables'to take out part of the remaining 
galena. 

Various devices have been trii'd fur aiding tlic flotation of the 
“ diflioidtly flotable ” zinc blende. In many places, the zinc- 
flotation is carried out at a slightly ehnated temperature, which 
is favourable to flotation. In oik' jn’oeess, thi^ pulp is saturated 
with sulphur dioxide gas during the flotation of the zinc blonde.’ 
This gas has a specilie action upon the blende, facilitating atlhesion 
to the oil in the froth. Various explanations have been offered 
for the action of sulphur dioxide, but further re.seareli is required 
before it is po.ssible to decide between them. 

‘ The final zinc concentrates contain 47 TiO per cent, of zinc and 
4-5 per cent. lead,’whilst the final lead concentrates have (10-63 per 
cent, lead and 8-13 per cent. zinc. ' 

‘ A process of “ concentratio n bv vola tilization. ’’ which has 
lately become importunt for obtaining a crude zinc oxide from 
Ipw-grade ores, is described later in connection with zinc pigments. 
Although originally applied to the manufacture of pigments, it 
has lately been used as the firsh stage in the making of metallic 
zinc.'' * 

*> » * * 

»V. F. S. Low, Mm. Mog. 20 (1919), 211? 270; Tran*. /«»(. Min. MeL 
28 (1919), 29. c c , 

• R. J. Harvey, Trane, Inet. Mitt. Met, 28 (1919), *5; H. K. Pickard, 
Trane. Inel. Min. Met. 28'(1919), 22. 

" R. S. Dean, Met. Chem. Kng. 20 (1919), .272-; 0. C. Riddell, Met. Chem. 
' Eng. 19 (1918), 822. .. 

* W. R. Ingalls, Eng. Min, J. 10_4. (1917)1 457 ; 105 (1J18), 96, 
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The concentration of the ore usually carried out»-for obvious 
reasons—close to the place where it is mined. But the concentrate 
is then ofUyi shipped o\ er a very considerable distance to one of the 
smelting centres, where the snl's.q.iont metallurgical opertiions are 
carried out. The chief smelting centres in Europe are Silesia, 
Westphalia, Belgium, and South Wales ; Eun)iie now deiiends 
mainly on imported ore or concentrate, although the industries 
originally grew up owing to the occurrence of local ore, or owkig 
to the special suitability of some local clay for making the retorts 
used in the distillation. At present most British smelters use a 
clay imported from the (>>ntinent, but e.\])(Timents with British 
clays have given good results.' 'I'lie American smelters have both 
ores and fire-clay in their own country. 

Previous to the war, most of the Australian concentrates had 
been under German control, and had been smelted in Germany 
or Belgium. With the outbreak of war, a sudden shortage of zinc 
in this country arose, and arrangements were made for treating 
the Australian supplies in England, a largo amount being smelted 
at Seton tlarew (nnrham).- Provision was afterwards made in 
Australia to smelt an increased quantity of zinc in that country.® 
\/^^oasting of the Ore or Concentrate. When an ore or con¬ 
cent.'ate containing zinc as sulphide is to be used, it must first be 
roasted to convert the zinc to the state of oxide, which is then 
reduced with some form of carbon to metallic zinc in a separate 
operation. Where the ore is present as carbonate, roasting (as- 
such) is not needed, but the ore must be calcined to drive off 
carbon dioxide and moisture. Owing to the partial exhaustion of 
the carbonate ores, the greater jiortion of the world’s zinc supply 
now depends upon sulphide ores. » 

The roasting of the concentrates ■■ is nearly always carried out 
in a multiple-hearth furnace, similar in some res])ects to those used 
for the roasting of eopj)er ores. It is often desired that the su.phur 
dioxide produced in the roasting should be utilized for making 
sulphimic acid, and in such cases it is desirable that the sulphur 
dioxide should not be diluted more than is absolutely necessary 
with other gases. Sometimes a muffle furnace is employed, in 
which the hot gases from the fireplace do not paas directly over 

the concentrate, but around the outside of muffles within which 

* • 0 

*H. M. Ridgo, J. Soc. C/^n. Iful. 39 (1920), On. 

^BulL Imp. (1915), 6x1 ; 14 (1916), 44. 

• Cham. Comm. J. 36 (1917), 44. • 

*H. M. Ridge, J. Soc. Chem. Ind. 36 (1917),‘676; J. C. Mouldon, J. Soc. 
Oftem. ind. 38 (1919), 177 r; M. de Lummen, CAem. Trade J.SS (1916), 265; 
M. Hutin, Mon. Sci. 7 (1917), 25; M. F. (7ia«e, dEnjf. Min. J. 104 (1917),* 
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the concentmte is roasted. Va^ous forms df the multi-hearth 
furnace (both of the muffle-type and direct-he&ting type) are used. 
Purnaccs rabbled by hand are still emjJoyJd at ifiany^European 
works; fei fact, even during the swar—when manual labour wm 
scarce—hand-ral)bled furnaces were erected in this country.* In- 
America a mechailical furnace, known as the Hegcler furnace, is 
largely used; it consists of seven hearths, one above tlio other, 
the lower hearths being heated by hot gases which pass along 
chambers between the various hearths. Periodically the ore is 
shifted from one hearth to the one below by means of a sort of 
plough which is dragged along the length of the hearth. The 
Hcgeler furnace occupies a great deal of grouad-space. The types 
of roaster furnished with revolving rabbles are more compact and 
are perhaps preferable. The Ridge furnaae, which has proved very 



Longitudinal Section. Cross Sectior 

Flu. 17. Flu. 18. 

KidRu KiiaHlor. 


sliccossful for the treatment of Rroken Hill concentrates, is shown 
in Figs. 17 and 18r 'I'lio ore is introduced on to the top hearth, 
which is used for the ]mrpo.se of “ drying ” it. It is then worked 
by means of rabbles attached to rotating shafts through the three 
“ roasting ” hearths, and finally falls into the cooling hearth below, 
wjiorc it serves, whilst cooling, to preheat the air used in the roasting. 
The fungvee is heated by gas which is Inmit below- the bottom 
roasting hearth onl^. The revoly^ng shafts are water-cooled, and 
it is arranged that the rabble-parts which actually stir the ore, and 
which tend to wear out most ijuickly, can easily be detached and 
renewed, whenever this is required. ”■ 

In some counliries—notably the Uhited States ® and Germany— 
a considerable proportion of the sulphur dioxide eliminated in the 

^ H. K. Picard* Tmn^. Inst. Min. Met. 28 .(IQID), xxxviii. 

• L. B. Skinner, Met .^ hem . fing . 18'(1918), 82. ij, 
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roasters is used for acid-making^ in this country, thf manufacture 
of sulphuric acid has been practised only to a comparatively small 
extent. ’ 

One modification in the pro'c-diiro for roasting ziuc-OTCs which 
is being made at several spelter works may be mentioned. There, 
has always been a difficulty in obtaining the eomj)lete elimination 
of the sidphur; in order to effect this a rather high temperaturt' 
is needed in th(' last roasting hearth. In the modified metliod, 
the ore is roasted in the multi-hearth roaster until the sulphur- 
content is reduced to 1) per cent., and then the remainder of the 
sulphur is eliminated in a Dwight-Lloyd sintering machine (see 
Vol. Ill, ])age 62). , At the .same tinu^, if a ])owdery ore, or con¬ 
centrate is being used, it beeonus (ajjisolidated to a gooel |)orou8 
sinter. 

Reduction of the Roasted Ore. The reduction of zinc oxide 
by means of carbonaceous fuel is in principle a very simpli^ process ; 
W'hen zinc o.xide ,and carbon aiv' heated togetlu*r strongly, the main 
reaction is prohal)ly 

ZnO + (' - = Zn I ('(). 

The zinc will be cairied off as \apour in the stream of carbon 
monoxide, and under favourable conditions can be condensed as 
molten zinc.- Howevu'r, zinc in the vaporous condition is an easily 
oxidizable stdtstanee, and if the carbon moiutxide were to beeomo 
mixed with any considerable amt)nnt of cai'bon dioxide tlui zinc 
would be oxidized again : moreovt'r, the dilution of th<! carbon 
monoxide even with an inert gas would militate against efficient 
condensation, i’lm these and other reasons, tin; charges of zinc oro 
and fuel cannot be heated by the direct passage of hot flames ov<U' 
the mixture - as in a riucrberatory furnace. The nnxture must Ije 
placed in some form of closed retort, and be heaftid through the 
walls of the retort. Usually the retorts are set in a g, -fired 
furnace, so designed that a flame of burning producer gas ])!&,, s 
around the outside of the retorts. The furnaces arc'generally 
built on the regenerative ” principle, which was explained in 
connection with the manufacture of glass (Vol. II, page 60). In 
some recent finnaces, the “ recu^ierative ” system of heat economy 
has been employed, esprcially in Silesia.^ 

* • ♦ 

' Compete Hep. Irmp. AMU Works, 56 (1919), 17; 57 (1920), 14. 

• tor consideratiqps regarding the .loiiditioiis of equiUbriutn, see E. Jiin- 

TCko, Met . u . Erz, 16 (1910), 247. M. I^oniarcliands, thv . Met . 17 (1920), 
803; Comptes Rend , 170 (1020), 805, discumes the question as to whether 
carbon, or carbon monoxide, constitutes the effective reducing agent for 
ainc. ^ • 

* H. M. Ridgp, J. Inat. Mdt. 16 (1910), m. 



148 M^FALS METALLIC CeMPODMDS 

f , 


The retor^ in which the char^* is heated require to be made 
of a specially selected variety of fiip-clay; pnly the bhst fire-clay 
wil] withstand the very high temporature without: softening. It 
is necessary, as far as possible, tot<jhocfeo a clay which ‘will with¬ 
stand the fluxing action of the hot ferrous oxide and other bases 
contained in the charge. ^ But however excellent the material and 
manufacture, the retorts only have a limited life, which has been 
estimated as being—on the average— four to six weeks.’' Conse¬ 
quently arrangements must bo made for the manufacture of new 
retorts; retorts are now usually made by means of a specially 
designed hydraulic press ; a ball of plastic clay mixture is pressed 

into the necessary form, 



and, after drying, is burnt 
at j, very high temperature 
in a furnace. The retorts 
foAnerly varied consider¬ 
ably in shape and size, and 
were elassilied as Silesian 
* (large D-sha])cd muffles), 
Rhenish (medium, D- 
. sliapwl), and Belgian 
(small, circular tubes). But 
now the intermediate 
(Rhenish) size of retort is 
tending to displace the 
others throughout all the 
Euro))ean smelting districts 
(including this country), 
although some American 
works still adhere to the 
use of smaller retorts. The 
average size of a retort may 


now be taken as 6 in. in 


breadth, 12 in. in hoiglit, and 5 ft. in length. The large (Silesian) 
muffles are now but little used." 

The retorts R arc set in the furnace in the manner indicated in 


Figs. 19 and 20. Tliey are placed parallel to one another in rows, 
so that they lie horizontally, or (more usually) are made to slope 
gently downwards to,wards the mouth.« There may be three to 
seven rows in a fmmacc, each containing dix to forty retorts. Often, 

• 0. Proske, jVc(. «. JSrt, 11 (1914), 333, 377, 412, 0.73^ discusses the action 
of elag, vapour, etc., on different kinda of rotorta. 

• C». C. Stone, I'rann. Atner. Klectrochem. Soc, 25 (1914), 161. Other 
authorities give siuiilar ^tiinat|M. 

• A. Rzehulks, Zeiixh.^Angew. 27 (4914), i, 327., 
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as shown in Kg. W, the fuma^os are double, havinp'two series of ' 
retorts on either side of a central partition. The o])en mouths of 
the retorte arc accessible from the outside of the furnace. To 
these mouths can be fitted the-tubular or conical “adapters,” 1), 
ojren at both ends, The adapters, which are composed of a clay- 
mixture similar to that used in retort-making, serve as condensers 
fpr the zinc vapour. Usually an iron nozzle—or “ prolong ”—is 
fitted to the further end of each adapter, to catch particles of metal 
carried by the gases through the adapters, or to condense a further 
jxirtion of the vapour. 

The j)roducer gas which serves as fuel is formed in an external 
“ producer.” If th» furnace is built on the regene^ativ<^ |)rinciple, 
lM>th producer gas and air are diann in through hot regem'rators 
(B and A), and arc thus ''Xtremely hoi when they <‘nler the furnace. 
Their combination profliiees an in¬ 
tensely high temperature around 
the outside? of tin? retorts ; for sue- 
eessful zinc-smelting a temper.'iture 
of about IdS-o-llf-V)’ (;. should' he 
reached, 'I’he hot ])roducts of com¬ 
bustion pass out through tvo other 
regenerators, C and U, to which 
they give uj) much of their heat. 

The course of the ga.ses through tin; 
regenerators is periodically changed, ^ 20,-- -y,in(? IJmUllalion Fur- 

Just as m the working of the re- Hliowmg Arraapenient of Ke- 
generative glass-furnaces and steel- lorts m ]to«.s, 
furnaces. 



iVipfo iu nnn/lllofeil ;is follows . 'I'hc roOstcd OrC 

or concentrate is mixed with coal (pref(?rnbly anthracite) and the 
retorts are charged with this mixture, either by Hand or by machine, 
the furnace being comparatively mildly heateil during the elu -ging ; 
sometimes salt is also introduced into the retort, as it is foutd 


to diminish the amount of “ blue pow'der ' produced. When the 
retort is filled, the adapters are put into position at the mouth of 
the retorts, the heating is increased, and distillation be gins. At 
first the zinc vapour passing tb-ough the adapters is oxidized by 
the oxygen or carbon dioxide therein contained. laiter, when 
carbon monoxide has largely tiisplawd the diexido from the adaptor, 
metallic zinc begins to condense. The first portions of zinc metal, 
however, eondenfe to minute liquid globules, which, becoming 
slightly oxidized on the surface, do not coalesce to form molten 
zinc; they remain as a “ fume ” and are imrried into the nozzle,, 
where they qpol to a “4>lue powder,” Those first condensed 
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portioiut of tV zinc contain ncarl^^all the cadmium present in the 
ore ; for this metal, being more caailj reduced and also nfore volatile 
than zinc, distils over in the early stages. • • 

After Hjmie time, zinc vapour begins*to come over in increased 
quantity, and, tlfe proportion of carbon dioxide being now so hfw* 
that little further oxidation of zinc can occur within the adaptor, 
molten zinc begins to form. Once, twice, or three times a clay the 
molten metal is drawti out from the condensers (usually by means M 
a tool shaped rather like a gardener’s hoe) and is allowed to fall 
into a kettle placed to catch it ; after skimming, it is poured into 
moulds and allowisl to solidify. As stated above, however, it is 
difficiult to bring about complete eonden.satioi* of the zinc vapour, 
and there is still a certain jwoduetion of ponder, consisting of 
zinc ]>artieles eoateil with oxide, often mi.v‘d with a ])ortion of the 
charg(' carried over mechanically from the retorts, and nearly 
always containing a gcsal deal of lead, 'lids powder will be found 
in th(^ nozzle, and on the ground in front of the furnaces ; it can Isj 
collected and returned to the retort during the next charge ; but 
about 10 to t!0 per cent, of tln^ ziTie iS usually lost, ]>resumably by 
paasng(^ i\ito the ojien air, and by absorption into the material of 
the retort and adapter,' In the old .Silesian muflles the loss was 
higher. An imiiortant cause of loss not always fully appreciated— 
is due to the zinc vaiiour which remains in the retort after the 
distillation is complete." 'I'he amount lost by combination of zinc 
oxide with the retort material is very serious in new retorts, but 
practically negligible in old ones.' 

'file residue left in the ridorts usually contains mueh lead, and is 
often sold to the lead smelter. 'I'he silver present in the ore is also 
largely jireserved in this “ leady residue.” 

xAElecUo^ermaj^ Smeltii^.' 'I’he wastage inherent in the 
ordinary zine-furnaec practice depends^ ultimately uihiu the fact 
that heat has to be eonveyi'd to the charge through the wdU.t of the 
retorts. In the lirst place, this involves the exjsisure of the materials 
of these walls to a white heat, and is particularly disastrous in view 
of the corrosive nature of the bodies jiresent in the retorts; in 
actual prActice, whqther the retorts Irecomc worn out by chemical 
corrosion or through thermal softrtiing, the retorts have frequently 
to bo replaced. Secondly, in order to maifitain the materials within 
the retorts at the requBcd temjibrnture, even higher temperature 
must be produced outside the retorts. The amount of heat lost 

‘ H, L, Sulnmn, Trans. Inst. Afin. Mel. 20 (1910), xxxv. 

> A. Kxclmlka, Chern. Zeit. 38 (1014), SOS. 

*0. Mulilhaeuser. MeU u.,£rz, 18 (1921), 1, 45. 

* W. B. Ingalls, Tran*. Mmer. ,WectrocllSet». Soc. 25 (1914), 160. 
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by radiation and carried off bf. the hot gaaos loavinr th^ furnace , 
is greater, therefore, than in a reverberatory funiaee, where the 
heating gases are allowed to jMay dire<-tly upon tlu? charge, llio 
losses aretisliiceil, but an: ■nd. eliminated, by the use of the regenera¬ 
tive or reeu]w>rative sy.stem. 

Now tlie__ele(lratJnaunaL_'Hl*Jll?‘-L-5’f--i^ provides a 

means of hi'ating the mi.vture of /.inc oxide and eoal, wit limit unduly 
ileating the containing walls, and without inIriKincing a stream of 
hot gasi’s. A strong curnnit of elei'tricity is made to jiass through 
the charge, pnxlucing the very high tem])<>rature mssleil for the 
reduction of zinc oxide and the di.Htilhition of the /.inc ; the 
electricity is only used as the means of maintaining the high 
tmnperature, and the reduction is not to he looked upon as ciretro- 
lytic. In an electrothermally heated charge, the walls and flisir 
may be kept comparatively cool . it is only the jiart of tin- charge 
ladween the eleclrodi'.-- '.hat is heated, and the corrosion and heat- 
loss by radiation is reduced to a minimum, (hie authority' staled 
in ItlU that the calorific cllicicncy of the “ most modern " retort 
furnaces of the iras-lired ty] e lujis only K ]M>r cent., whilst that of 
(he electric fiiin.ue was (in per cent. KIcet rot hernial smelting, 
therefore, would seem to have many advantages in jilaces where 
electric power is ehea]). 

Nevertheless the first Swedish attempts to distil from an electric 
furnace were by no means successful, owing 'o the large amount 
of blue jiow’dcr prmluced ; and although the troubles due to this 
cause, which are further discussed below, have to a large extent 
been overcome, yet tlu' difliculties seem to have actial as a deterrent 
to the employment of electrotherniul methods elsewhere. At any 
rate, the usi' of such mctlusls has been confined hitherto to a few 
localities. • 

The type of furnaces used in the De Laval process at Trollhattcn, 
Sweden,* are of the resist nice tyjK-; there is no arc, the heat beinv* 
developed by the passage of the clctricity through th, eha^e., 
A large vertical electriKle of carbon jiasses through the joof, wliilst 
the other electrode is a carbon block set at the bott<im of the fumace. 
The charge is a mixture of jiartly roasted ore (containing r. gfeat 
deal of lead and lui much as 7 jmt cent, of sulpfiur still unelimiiiated) 
with coke (or anthracite) and flux. It is intrixluced through a 
hopper. Zinc and lead arg redujixl to the metallic condition and 
the zinc is volatilized ami passes to the condenser ; molten lead and 

slag collect at tl*e bottom o» the fumace, and also a certain amount 

• • 

* C. V. Lordier, Met. AUia^oi, 7 (1914), No. 12, 1. 

■ Sec report by Mr. F. W. Harbord : Abstract, Krtg. Min. J. 93 (191^), 
314, See also E. A. Smithy. Inst. Met. 16 (1%I6), 166. 

• « 
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, of matte (a fjisod mixture of sulphides). These fro run olit together 
from a tappii?g-holo. The silver present in the ore is found partly 
in the metallic lend, and partly in’tho matjo. , 

'ITie main dilTioiilty experienced^at fir*t was that at feast two- 
thirds of the zinctcondensed in the state of blue powder; only one-, 
third condensed as/irdinary licjuid zinc. The type of blue'powder 
obtained there was of no commercial value ; it contained only about 
54 per cent, of zinc, with much lend, ns wdl as dust from the fumadfl 
charge. The powder was, simply returned to another electric 
furnace, mixed with some fresh roasted ore, and distilled again. 
Thus, on an average, each atom of zinc pas.sed through the furnaces 
three times before it reached the commercially useful condition. 

This state of alTairs was clearly unfavourable to the success of 
the process, and led, for the first time, to a sdentilic consideration 
of the conditions of condensation, which*determine whether the 
metal shall condense in the valuable him* of “ liipiid zinc ” or as 
comparatively worthless “ blue ])onder.'' It will be noticed that 
the l)e fjiival iirocess differs from tlu^ classical jirocess of retort- 
smelting in nuudi mor(' than the substitution of electrical heating 
for gas heating. It is ahighly andhtiousatteinjit : (1) to .substitute 
one large still in the jihice of numerous small retorts ; (2) to 
substitute aemi-<'ontinuous hopper-charging for the intermittent 
charging of retorts ; (li) to treat complex ores containing much lead, 
and only ))urtly freed from sulphur ; and (4) to make metallic lead 
at the same time as metallic zinc, and to laj) the former in the 
molten state. Thus the process dejrarted in four im))ortant respects 
from the old metluxl of distillation and condensation, which 
represented the e.xix'rience of nearly a century; the fact that 
difficulties were exjrerienced at lirst is scarcely surprising, 

The main factor which causes the condensation of zinc as blue 
powder * is the presume of carbon dioxide or moisture—the former 
aiming dependent on the intn)duetion of •air when the furnace or 
_.Te^rt. is charged. In the Rhenish retort jiroeess, where small retorta 
are usctl, ^nd the content (f zinc in the charge is high, the fraction 
of the total zinc oxidized is small; moreover, in the Rhenish process 
the heating is slow, and most of the carbon dioxide and moisture are 
driven off before over4ho distillation of zinc begins. In the electric 
furnace, the state of affairs is diffe?ent; Ijic amount of air intro¬ 
duced in hopper-charging is much larger and, since in Sweden a 
low-grade ore is used, tno ratio of air to «inc is greater than if a 
high-grade ore were employed. Farther, tlie healing is rapid, and 
the carbon dioxide, moisture, and «inc pass' over practically simul- 

^A. Stansfold, J. Inja. Afi't. 15 (1916), 289; G. C. Stone, Trans. Amer. 
J^ledrvchem. itoc. 25 (1914f, 192.* 
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tsneously. “llie fact- that two-t>iirds of the zinc is (^ndenwHl as 
blue powdei is easily ynderstood. 

Various mean.s hav<j. been suggested to reduce the amount of 
carbon dioiide in the '■ exit gases," one being the increase of coke 
ip 'the churgi'. Exjx'riinents have shown that by passing the 
vapours through a sjiaee filled with incandescent earbon, the 
formation of blue jiowder can largely Isi avoided, 

' Tlierc is, however, another important cause of the formation of 
powder, namely, an unduly low tem]S'rature in tb<‘ I'ondenser.' 
If the condenser is only slightly below the ImiHng-jtoiut of zinc, 
the metal will condense only on the walls, and the drojis of liquid 
first formed may gro\j', and coalesce. If, however, the tem])erature 
of the whole vessel is below the im lliHij-poitil of zinc, small globules 
of zinc will a|)]M‘ar in susjiension in the gas as if passes through the 
condenser; these globules will ha\e no chance lo eoaic.see before 
they Itecome solid Thus a powder is produced instead of compact 
zinc. Evidently the temperature should be kepi between the 
boiling-point and the melting-|)oinl of zinc. In somi' exjierimental 
plants,“ th<“ artiiieial heating (d the condenser has been apjilied, 
but in a nianufaeiuring phinl this ought not lo be laa-essary.’' 

The tyjie of blue jiowder ijiie to an abnormally (aiol (amdenser 
can usually be melted u() to form ordinary eonijmet zinc, whereas 
the oxide-coated jiowder due to the jire-sence of carbon dioxide 
cannot be melted. 

By maintaining projicr conditions of working the special technical 
diftieultics met with in (Seandimn ian sinciting have it is under¬ 
stood - largely Iweii overeonie. Outside Scandinavia, several 
attempts have been made to distil zinc by elect rot hernial methods, 
but it seems uidikely that the industry will become establishcil 
except where jiowcr is very cheap. Towards the end of tin- wai’, 
zinc was being inanufacfurial near Cologne in '■iii electric furnace 
of a cylindrical form, which revolvial about a horizoiital axis.^ 
An other i nteresting proccas'’ haa liccn worked out in iTaucu^-V 
wfiich an unronsteil sul|ihidc ore of zinc, anil leiul is heated with 
metallic iron. The iron removes the sulphur from both leatl and 
zinc ; the former is tajiped molten and the latter vohitiliz,cs. The 
zinc vapour passes through a chamfa-r lilhsl'with incandescent 
coal, before entering tbe*condehser, and thus carbon dioxide is 
removed, and the prisiuct^on. of blpc powdiy is avoided. In one 
» 

‘Compare T. b. Clere, Afet. C\cm. JCng, 11 (1913), 637. 

• For inatance, thof descrilipd by T. M. Huina, MH, Chem, Kng. 26 (1922), 

894 • 

• F. T. Snyder, Trantt. Atner. EUctrochrm. Soc. 19 (1011), 328. 

•A. J. Allmand and E, R. Willmms, J. Sor. Ch&n. hid. 38 (1910), 303b. * 

• C. V. Loitiier^ Met. el AUta^Sg 7 (1914), 12, p. 1. 
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modificatioJ^ of this process, the Imroasted or{ is heat?d with lime 
and fuel, no iron being added to the change. • 

Effect of Impurities. The zinc protjucwd at the smelting works 
is usually impure, containing lead, irbn, and generally cadmium. 
A great deal of*purification can be effcs'tcd by carefully remelfing 
it, at a regulated temperature in a small furnace. Most dl the lead 
(which is only slightly soluble in molten zinc) forms a separate la^er 
at the bottom, whilst a zinc-iron alloy sometimes separates just 
above the lead. Obviously, however, the ziiu! is not completely 
purified in this way. A good deal of zinc is now purified in the 
United States by redistillation ; a product containing only 0-1 ])er 
cent, of lead is obtained.* Where!, as in Swedeoi, complex ores 
containing much lend have been used as raw material without 
preliminary concentration, a very “ leaely ” zinc is obtained, and 
redistil bit ion becomes an essential part .if the smelting proee.ss. 

At many zin(!-worl(H it is customary* to collect separately the 
distillate coming over at different stages of the operation. The 
first jiortions contain most cadmium, the latter most lead. The 
" brass-sjieeial ' s|)elter made ift Alneriean works consists of the 
I'arlier (lead-free) portions, which are most satisfactory for brass- 
making. < 

The effeet of different im])uriti<‘s on zinc has been the subject of 
some discussion.’'* Most im]iurities increase the susceptibility to 
corrosion ; lead in small ipiantities has hut little effect on the 
meehanieal ]U'operties of zinc itself, hut renders it unsuited for 
brass-making; iron up to OT iier cent, has no effect, but largo 
(puvntities make it hard and brittle, t'admium renders zinc hard, 
and to some extent brittle ; the hardness of commereial spelter is 
dependent largely on its cadmium content. Zinc containing 
cadmium is unsuited for making galvanized wire, as the coating 
would soon peel ‘off, but In the amounts usually met with— 
cadmium does not render zinc unsuit?d for brass-making. 

’ • The differenco in hardness between pure zinc and commercial 
spelter ik much more Anatked in the worked state than in the cast 
atate, laHjause, whilst the pure metal undergoes self-annealing at 
(juite low temperatures, the commercial metal can bo obtained, 
and preserved, in ^he work-hardpned condition.’ For the manu¬ 
facture of zinc sheet, a metal with about l'2i') per cent, of lead and 
0'2o jK'r cent, of cadiwium is preferred ;athe addition of 1 jx'r cent. 
* W. R. Ingalls. £ag. Min. J. 105,(19WI), 06. 

•0. C. Stone,. X Amer InM. Met. 12 (11)18), ll* W. R. Ingalls, J. 
InM. Met. 16 (1910), 190 ;*G. Kigg«and 0. M. Williams, Proc. Amer. Test. 
Mat. 13 (1913), GOO. 

• * C. H. Mathowsoii, C 4 S. Trewin, aiid W. B. Finkeldt‘y, Pull. Amsr. Insk 

Min. Eng. 153 (1919), 2773, * ^ 
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of oopppr to zini'> is said to' iniprovo the rollin|l pioportins 
consi^erablj'.' . , 

V^ectrol^tic Reduction of Zinc. Although the clcctrolytio 
deposition of zinc has heon ear i.-d out at intervals for a Jong timo 
in different ]>arts of the world, it has only recently heeonie of 
considerable importance. It is e.sp<*eially suited for the extraction 

zinc from certain complex ores. Many American lead-silver 
ores containing a certain amount of zinc are concentrated to give 
a product rich in lead and silver, but the ]iortion containing the 
zinc has until recently often been wasted.- In sindi eases, it may 
prove profitable to roast the zine-eoneentrate, leach with suljihurie 
acid, and, after puritieation of the solution, to eleetrolysi- it, thus 
producing inetalli<- zinc of great purity (which commands a high 
price), the acid being, at ‘he same time, regenerated. Th(! ])roeesa, 
however, will only pro\e lemuneratiu' where ])ow'er is cheap, and 
eh'cfrolytie zine-|)roduetion ,in a large scale is confined to a, fi'w 
localities, the most im|>ortanl being 'IVail (British Columliia,,' t Jreat 
[■'alls (.Montana),' and certain places in 'rasmania and Australia.'’ 

The main lecpiiivnients for sne'Vs.sful electrolytic zine-priMiuetion 
are that the roasting should be eonductetl tit a low temperature, 
and that the solution shoiiel be scrupulously freed from other 
met tia before electrolysis If the roasting is condiieteil much alatve 
7(N) (', a very stable zinc ferrite, ZnO.I''c..0j ((irobably identical 
with the mineral franhiinite), is formeil by combination of zinc 
oxide with the oxide of iron ])reseut in the material This stable 
compound is almo-st insoluble in sulphuric acid, and when the 
roasUsi material is afterwards leached, the extraction of zinc will 
1)6 x-ery poor." Cases of e.xtraordinarily poor yields of zinc obtained 
by electrolytic methods, whi<h have been rejiorted from time 
time, have almost always betm due to an unduly iiigh roasting 
temiK'rature. Both at Trail and at Great halls the roasting of tlm 
material is carried out in a multiple-hearth furnace At T,- dl the 
temjM’rature is said to la; kept bchiw tiOt) ' C. ; at Gre,it l''alls, ImjI, » 

• 

* J. L. Mit. Ind. 18 (1021), 4; HauRzcl, Zuhdi. MttuUk '/.vV, 

13 (1921). 209, 

* T. Frenfh, Tmns. Amtr. EU'ctrochm. Soc. 32 (I9S7), 321. 

* E. H. Hnimlton, Trans. gXnur. lArctrocbun. Soc. 33 (1917). 3!7. 

* O. C. lialHton. “ Eloftrolytic l)o|K)Hition and llydmrnftalhngy nf Zme ’ 

(McGraw-Hill); W. R. Ej^ctrochern. Soc. 29 (1910), 

347 ; Vi. N. IngallK, ^fet. /•//. 11 (1917), 345. Coinfittro H. O. Hufniari, 
Eng. Min. J. 105 (J918), 93. v t 

*J. Soc. Chem. ifid. 40 (1921), 48r; J. A.,Zook, Min. Jnd. 28 (1919), 
734. 

* E. H. Hamilton, G. Miirniy, and D. McIntosh, I'rana. Can. Min. In$t^ 
20 (1917), 168, givea details of the conditions of formation of zinc femto on* 
roasting. 
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7M C. leaching of the calcified ore by acid presente a problem 
rather similar to that involved in .the Icaijiitig of cohper ores or 
the cyaniding of gold tailings. The counter-curMmt principle is 
coninionly use,, so that the fr(»t “-calcine ” comes^n contact 
with practically neutral solutions, whilst the nearly oxhauilted 
mdcine cmitanimg but litfl.. soluble zinc is acted upon by fresh and 
highly acid liquors. 

Tin: zinc sulphate solution—before it is suitable for clcctrolvsis— 
must be free from all metals more noble than zinc ; for if a solution 
(ontaiiiing such a metal as coppiw were electrolysed, corrosion 
•••mples would be set up on the cathode, and the resultant current 
(■Iheiemp, of zinc-dciKisition would jirovc; to la- vry low.- Of the 
- dferen impurities likely to be present, iron i.s usually removed 
during the leaching by blowing air int<v tanks, which serves 
o bring the whole .,f the iron to the f-rrie .slate. In the final 
Imehing tank, where the acidity of the liquor is eompletely removed 
through the presence of e.xe,..sH of eal<-ine<l ore, hvclrolysis occurs 
and the whole of the iron is ,,reci,.itated as ferric hydroxide, which 
s separided-ah,ng with the insulul/,e part of the'ore-in a series 
of classihers, thickeners, and tilti-r-presses. At some works the 
precipitation of the irouis earrii-d out by means of limestone. Prom 
the clear iron-free solution of zim- sulj.hate, copper and cadmium 
are precipitateil in metallic form by the addition of zinc dust 'J'he 
solution IS then ready for electrolysis, which is often conducted 
between lead anodes and aluminium eafhiales. An bk.M .K of about 
.1-4 d-8 volts per cell is <-onimonly einjiloyed. The cathodes arc 
JOTiodieally taken out and the zinc dejiosit stripped off When a 
argo fraction of the zinc has been de,,osited and the bath is 
iHvoimng distinctly acid, it is drawn off and used to leach a further 

6-10 iiir lent, of free suljihurie acid ami 2 4 ]ier cent, of zinc us 
sulphate ; after the no.vt leaching the zinc content will lie as high 
a- b-8 per cent, and the free acid will have disa]ipe»red. 

the ovrrent efficieiK-y uf deiiositioii naturally depends greatly 
on the purity of the bath ; with ordinary precautions it can lx- kept 
as high aj 93-94 jx-r cent. The deposit of zinc is quite sufficienUy 
gwd, if impurities kueh as eopix'f and nickel are absent; but it 
will contain pin-holes, duo to niinute vorrosion couples, if the 
solution IS foul. It ift impossible tis obtain satisfactory deposite 
appreciable* quantities of the metals 
mentioned. In, some cases, where an impure'solution is used, 

■ C. A. Hanson, Bull. Amer. Itifl. Min. Eng. 135 (1918) 815- S irr«ix 
r™,,,. tanulug Eoc. 16 (k-lZl), 492 i G. It. Scholl, .Vi/crm: I'n/gh (imt 
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“ beards ” of ziiic mi»y be formedj'the deposition proOeej^ing rapidly 
where the current density is high li.c. at the tips of the beards), 
whilst elsewhere zinc is-aetually being eorrodtHl away ; sometimes 
the impurities “eat holes* right through the deposli'. Of the 
objectionable iinpurilies, copjM'r and iron are easily reinove<i, as 
stated above ; but nickel, if jireaiait in the o,a‘ evni in smalt 
qitantities, nill tend to accumulate in the bath - not being eo- 
dejxisited with the zinc. Ores containing nickel are therefore 
unlikely to be suitable for electrolytic treatment. Minute traces 
of cobalt or antimony cause very serious corrosion to the deposit; 
arsenic is also (dijectionable 

-Manganese, which as ]irescnt in many zinc-ores, is not harmful, 
and Its ])rcaence is stated by some writers' to be essential to goo<l 
working. I’robably the principal Ismelit derived from the |>resenco 
of manganese is that manganese dio.xule is depositi'd on the lead 
anode, and reduci's the danger of the lead sulphate jmssing into 
suspension in the bath, which wimid Is' highly undesirable. 

Many authorities recommend the addition of organic substances," 
such as glue or n.ipbthol, in order'to im])rove the dejaisit obtained, 
and to incre ase the current eflicieiiey ; others say that the batli 
works la-st without doetorin;, ' It seems |)robable that sonio of 
the additiems advocated are very distinctly beneficial; but it is 
eertiiin that no addition will cause a good zinc de])oKit to be obtained 
fiiiiu a really foul bath. (Jliie is said also to aid the adhesion of 
manganese dioxide to the anode, and priweiits the " suliihating ” 
of the lead. 

The zinc obtained by the.se electrolytic methods is extraordinarily 
pure, OO-Od percent, purity having Ik'cii reaclud in Australia. Until 
a few years ago electrolytic zinc was |iroduced in this country (at 
Winnington, ( heshire). Here a zinc chloride bath was obtained by 
the leaching of zinc oxide with waste ealciuni chloride solutii n in the 
presence of carbon dioxide'; tin; ealciuni chloride wns a by-p’oduct 
of the ammonia-soda alkali process. The method is now abaiidont 
Recently, however, the emiiloyment of idcctrolytio m<<hoil,s of 
zinc production or recovery in this country has found several 
advocates.** A Uernian authority suggests the elcctrolytii; recovery 
of zinc from the dusty mixtun-, of zinc and ^nc oxide, ybtainwl 
• 

• F. D. Jaiuofi, Umv. Hull. 4 ^1917), ], p. 24. (joitijittpe T. 

French, Trans. Amer. Eketro^m. i>or. 32 (1917), 320. 

• O. P. Wnflw and A. C. She(>o Tni4iM. Armr. RlKirochtm. Soc. 25 (1914), 

291. Compare C. j?f. Xfanaf'u, fiuU. Atncr. Inst. Alin. Enjf. 135 (1918), 642, 
043. i ’ 

• D. McIntosh, Trans. Roy, Soc. Cfoiada, 11 (1917-18), 113. 

*S. Field, Trans. Eanuiay Eoc. 17 (1922), 400.^ Oirnpare S. C. Bullock,* 
MtU Ind. 16 (IJ20), 121. * 
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when hras^wrap is “ blown ” ii6 a oonvorte* for the recovery of 
the copper.* , • ’ 

Uses of Zlnc.^ 'I’hc; main uses of^»inc* are founde/,1 upon the 
fact thal it is-guilder ordinary ftwiditions and in the ahsencj of 
free acid—remarkalily resistant to corrosion. Zinc .sheetj made bjf 
rolling the metal hetwecn 100" and loO“C., is itself used for domestic 
articles, such as liath-tubs, ])ails, etc., as well as for roofing and iec 
lining ho.xes ; it can he stamped with ornamental designs for 
ceilings, and the like ; ziii<! eastings also have been made for 
ornamental purposes. Por use, on a large scale, however, the 
so-enlle<l “ galvanized iron,” which consists of steel covered with 
zinc, is employed, as it combines tlu^ cheifjmess, strength, and 
comjiarative rigidity of steel with the non-ru.sting eharai.'ter of 
zinc; both galvanized stmet and galvanized wire are made on a 
large scale, the methods being discusse(^ below. 

Other u.ses for zinc depend, on the contrary, on its electro- 
motively ” active ’’ character. Zinc is used almost universally 
as the attaekabk^ mat<Tial of priniary batteries. Of these the 
1/s'lanche cell in the " dry ” form is by far the most important; 
it has been described in the section devoted to manganese (Vol. II, 
page 1180). 'I’he employment of zinc to ])reeipitate more noble 
metals, just as gold and silver, from their solutions has been referred 
to in connection with those metals ; zinc dust is tending to replace 
zinc shavings for this jmrpose, and many varieties of “ blue powder ” 
can be used with good elTcct. At different times during recent 
years, the amount of by product dust suited for this and other 
purposes has not been e(|ual to the demand, and in 1910 atomized 
zinc was being purposely manufactured in the United States.’ 

■Another industry which accounts for the consumption of a large 
])roportion of the world's ziiu' production is the manufacture of 
alloys. Of these,’brass is the most ijnportant. although others, 
such as (Jernian silver, zinc-bronze, and the light alloys of zinc 
‘\Iith aluminium and other metals, may be referred to ; they have 
all boen'discu.ssed eailicr’ in this work. 

' . Galvanized Iron 

For tfie protective coating of irlm against rust, zinc is probably 
used more extensively^.lian any.other cnajal. It is more useful than 
tin and nickel, for instance, owing to its (fneapnoas and owing to the 

* CoiT»(>aro H. IViw'eek, Zt^lxh. Ehktrochtm. .t? (192l'), tO. 

• K. A. Sinit)), J. ins#. Met 16 (1916), 164; J. C. Moulden, J. Roy. Soc.^ 
. Arts. 64 1616), 519. 

' • H. J. Morgan oiul 0. Halsfon, Trans. Ainer. ElrctrochertL Soc. 30 (1017b 

230. 



tact that zinc—bein|i|fle«s '• noble / than iron-continuj^ to protect 
it to some extent, even ii the eov'ring contains pin-holes or is other¬ 
wise (liscontimions. In certain nmnufaeturing towns, however, 
where acid substances, like siilpl'i r dioxide, m'ciir in larg-' ((^lantities 
in the air, gulvani7.e<i iron is quickly attacked.* Moreover, owing 
to the poisfinous clmiact<‘r of zinc salts. zinc-co\ ert-d iron cannot 
Ijq tised for the canning of fiK)d-.stulTs, 

There are four distinct methods used for produ<‘ing a layer of 
zinc tiiion iron. These are 

(1) Dipping the article in a bath of molten zinc (hot galvan- 

izing). 

(2) Heating the ai^ielc in zinc dust (Sherardizinft). 

(li) EIcctro-dcposition from an aqueous solution of a zinc 
salt. 

(4) Spraying the arti )•' with zinc globules by means of a s]M‘eial 
gas-jet (Schoop process). 

Hot galvanizing * is the oldest process, and has long retained 
its popularity in this eountiy. hi lOD! practically the whole of 
the British ])ro(liution of galvanizeil sheets and wire were still 
produced by (he hot methoi' 

B' fore dipping into molten zinc the articles must be scrupulously 
eleaiieil Sand-blasting is useful, but it must usually be followed 
by chemical cleaning. Pickling in hydioi blorie ai id is ([uick and 
effective, but leaves the metal super saturated with hydrogen, 
and con.sequently hard and somewhat brittle. In low-earbon 
steels, such as are used for galvanized sheets and for fencing w'ire, 
this brittleness is not serious : but for highcarbon steel of high 
tensile strength, such as is used for eolliery-windiiigs, the danger 
of such brittlene.ss must not be o\erhKiked. * 

The molten zinc to be used in the galvanizing ii usually contained 
in tanks of steel, which may lie heated by gas, by oil, or by < oke. 
Often there is a layer of molten lead at the bottom of the tank, belO’ ' 
the molten zinc ; the lead serves to jiroteet '.he botUini. and iiwiliiates 
the removal of the dross (see below). A little aluminium is often 
dissolved in the zinc to increase the fluidity ; this practice appears 
to be more common in America than in this coifntry. Ammonium 
chloride is thrown on to tHe surface of the molten metal from time 
to time to prevent undue < xidation .•and to tji^ke up any zinc oxide 
that may be formed. If it is omitted the zinc oxide formed upon 

* H. Wislicenua, Zcitach. Angew, ChAn. 33 (1920), i, 204. 

• if. K. Turnbull, Iron Coal Tradeo Kn. 88 (1914), 783, 829 ; J. 
SraOand Iron Strrl InM. 21 (1913-14) 192. , M. ftang, /fee. Met. 9 (1912), 
78. J. R. Wcmlinger, Met. /iW. 18 'J921), ■>88. 
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the surface ^nds to encase the arficles as theycjjass through it, and 
interferes with the adhesion of the zinc. It is considered advan¬ 
tageous to have a voluminous foamy covering upon the surface, 
where the articles enter the bathv jts ft serves to remove any last 
traces of oxide‘^which may remain on the articles. Glycerins i« 
commonly added', as it is found to facilitate the formation of a 
covering having the desired character. The zinc hath should 1^ 
kept as cool as is consistent with complete fusion, so as to avoid 
undue lo.ss hy volatilization. 

The iron articles, jireviously cleansed, are then introduced, and 
are kept in the hath long enough to reach the hmiperature of the 
zinc ; they should not he immersed for longer* than is necessary, or 
hrittlcness may result. Where wire is being galvanized, it is allowed 
to pass continuously through the hath., Where sheets are to be 
galvanized, the hath is sometimes e()uippcd with a pair of internal 
rolls between which the shiiets pass ; these internal rolls pass the 
sheets on to the " exit rolls,” througli which the sheet leaves the 
molten metal. 

The article on being withdratn it found to he covered with a 
layer of zinc, and when the artiide has cooled down, tiie zinc will 
be observed to have (Tystallizeil out from centres, producing the 
familiar ” spangled ” patterns which are characteristic of hot- 
galvanized iron. Owing to the extreme thinness of the coating, the 
numW of nuclei produced per unit area is generally small, and the 
individual spangles are of considerable size. At the edge of a sheet 
where the zinc layer is gem'rally thicker, the area of the crystal- 
grain is often smaller. The size of the spangles depends also on the 
composition of the molten zinc and of the steel. In America, 
“ large-spangled ” sheets are sni<l to be favoured, laung t)clioved 
fo Ihj less liable to corrosion ; some manufacturers are stated to use 
a steel confining'litanium, in order to obtain the spangles of the 
size desired,' * 

-• It must not be supposed, however, that the coating produced on 
galvanized iron eonshsts of pure zinc throughout. Only the surface 
itself consists of anything like pure zinc, and l)elow it are layers of 
zinc conlaining iron, the iron-content increasing as we go lower 
into thp metal.* In the intern^ediate layers, the inter-metallio 
compounds FeZiij and FeZn, are preseiA. The existence of these 

s. • • ^ 

* J. iSoe. 6V*m. /iid. (1920), 14b. • 

• H. S. RAwdon, M. A. GrossmiUi.andc A. .N. Fiim, Afet. /yhem. Eng. 20 
(1919), 630; H. S. KawdonliW. Amer. Soc. MaY 18 (1918), 216; W. 
Guertlor, Zeitack Met. 1 (1911),*363; Y. Taji, Etigincenng, 109 (1920), 
327 ; H. Wmter, Rev. Met. 7 (1910), 1004. Compare U. Raydt and G. 
Tammann, Zeitach. Atiopj. CAjtn. 83 (1913), 257, who diacusa the equili* 
briuiu diagram of unc-iron >»lloy8. 
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intermedistH layers increases. ii£ doubt, the adhcsionttif the zinc 
to the iron, but somd of the zinc-iron compounds are very brittle, 
and, if the inteiHiiediate laver is too tliick—which will be the case 
if the immersion in the lifpiid'ri.ic has been lengthy--the coating 
may tend to crack. Sometimes the intermediate layer cracks, 
whilst the comparatively pure zinc on the surface nunaina intact. 

; The hot-galvanizing prix’ess is I'xtravagant of zinc. Not only 
is the layer pr(«luced thicker than in the other pna'cssos, but.a 
considerable amount of zinc is lost through the formation of oxide 
upon the siirfiwe, as well as through the formation of solid iron- 
zinc alloys (dross) within the hath ; the dross sinks to the bottom 
of the tivnk and is |)criodieally removed with .a i)ei-forated setsip. 
As regards the thickne.ss of the layer, exisTienee is tejuhing the 
manufacturers how to rc iuee it; hut it is stated that tlu! new, 
thin-coated, galvanized iron is le.ss durable, under a<l\erse climatic 
conditions, than the olit Tnaterial.* ('onservative buyers will 
probably continue to demand liot-gaKanized iron for .some time to 
come, owing to the absence' of llu' familiar " spangles ” on the 
products of the other priKtcs.ses 

The second methoel of prislucing galvanizesl iron, namely, by 
heating in zinc-dust, is called “ .Sfutca^^iziuji,” after the inveiitor.- 
The articles are peickeel in zine”eTTist containeel in eiir-tight elrums 
whieh .ire' plaee'd in iv furnace' he-eiteel by gas eir by e-h'ctricity, atid 
kept feir a few heieers at 2r»0'' 4(M) ('. .\laiey tyja's eif thee by-jueKluct 
“ blue peiweler ' e-a,n be; list'd as zine' elust, but it shenilei preferably 
contain as nme'h as Hb IH) pe-r cent, of zinc . the' pre si'iice eif a ce'rtain 
amount eif zinc eixide on tlu' partie les is ae luedly be'ivtieeial, in eirde'r 
that the (lowde'r may be hisdcel abio’c tlii' inelting-iioint eif zine; 
without running, ^ 

It is commeinly statcel that the' layer eif zinc or rathci of zinc-irein 
alloy- presiuecel by shcrarelizing is line to the- ae-Uon of zinc vaiioeir 
on the irein. This may be' true at the' higher temperature- but 
at 2fi0° C, a temperature actually empleiyed for the shtwaidizhn, 
of steel springs, the vapour pre.ssure of zinc is extremely small. 
Under these conditions, it is probably a conta<-t action lictwe e-p 
solid zinc and iron.-* It is notcweirthy that if e-crf.ain parts of the 
article arc not in close contact with the zinc elust, they escape 
galvanizing. * 

The third method of pretineSing a v.inc dcfiasit is by plating the 

^ A. S. ArgucUce, Philippine J. Ms. It (IVIC), t77 ; ,T. C, Witt, Philippine 
J. Sci. II (1916), 1<7. 

*SherariI Cowper-Colos, J. Soc. Chlm. hid. 28 (1009), 390. See also 
Machinery, 5 (19l«), 613 ; M. Seuig, Rev. Met. 9 (1912), 275, 343. • 

* J. W. Hinchley, Trane. Faraday Soc. 6 (1911), *33; O. W. Storey, Met. 
Chem. Eny. 14 (1916), 683. ' > . 

M.C.—VOL. IV. . M • 
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article el^trically from an o^ueous solution of a zinc salt. 
Sometimes a solution of the sulphate is employed for this purpose, * 
the solution beitig generally kept faintly add; sdtoe of the baths 
reconim(tnde<l e^pntaiii acetic acifli Va'rious addition agents are 
frequently included in the bath in order to improve the depoSitg 
alutniniiim sulphitto is often added, whilst the presence of glucose 
is said to cause brilliance in the coating. Recently a cyanide bajj) 
has come into favom, as it is said to have a better “ striking power ” ; 
that is, it allows zinc to be deposited in the depressions of irregularly 
shaped objects. The bath can be prepared by stirring zinc oxide 
into a solution containing sodium cyanidt! and sodium hydroxide.^ 

A zinc-plating bath must obviously Ix! fn-e from other more 
noble metals, and, since the very conditions needed for a good 
(turrent ellicicncy depend on the absenci of corrosion, it may bo 
expected that the deposit formed (^lectrolytieally will protect the 
underlying metal extremely well. Naturally the articles, before 
plating, must be freed most serupulously from all grease and oxide. 
The current density employed is about 2 II amps, per sq. dm. with 
the cyanide bath, but may ofteif be’rather higher with a sulphate 
bath. The articles are usually kept in motion ; small articles can 
be ])laee(l in ja rforated drums which <are rotated during the ojrera- 
tion, whilst wire is reeled through the bath continuously and comes 
out with a covering of zitie. 

The eleetrolytie <leposition of zinc has been advor’ated for the 
galvanizing of the cables used for the- suspension of the cages in 
mines, where .sonu! authorities regard hot galvanizing as dangerous, 
owing to the possible formation of brittli; iron-zinc compounds.-' 
The interrtiediate layer of iron-zinc alloy whi<'h is present on hot- 
galvanized articles is absent- or at least is \ery thin--on electro- 
galvanized iron. 

A method of apjrlying a protective coating of zinc by spraying 
(Schoop's process) has recently become v('ry popular in Germany 
and elsewhere, sinci' it has proved u.seful for treating large objects 
which afo difficult to'galvanize in other ways. The ' spray” of 
zxnc is applietf by means of a “ pistol ” which is held in the hand and 
is directed at the part of the surface to be coated. The pistoH 
contains mechanism which causes a zinc wire to be fed forward 
towards the mouth, where the zinc is melted by a jet of coal-gas 
or acetylene, which bk?ws out a sprayf of fine zinc globules from the 
mouth of the pistol upon the su^facq to bo galvanized. The wires 

>M. Sang, ifrr. 9 (*912), 160. • '' 

* W. Blum, F. J. Lisoomb, and C. M. Caraon, V.S. Bur. Stand. Tfch. Paper 
•i95 (1921). 

*K. Arndt, Zeit^h. A^gew. *'hent. 29 (1910), in, 77. 

< M. V. Schoop, Afrt. Ind. IS (i»20.V 41. Amer. Alachinif^, 55 (1921), 647. 
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arc fpd forward at Ihp sanio rat,- as they arc consumed. V'arious 
modifications of the process haao been introduced : in some forms 
the heat is ])rodiieed tleetrieally.' 

Technically important Compounds of Zinc 

, Manufacture of Zinc Oxide. It has Is-en repeatedly stahsl 
aimve that it is very diliieult in /.ine-distillation to prevent a eert-ain 
amount of the zinc lieing Inirnt to oxide if we eonduet tlie pna'css 
with free access of carbon dioxide, it is easy toolitain tlii‘whole 
of the zinc as oxide. \'arious ores and concent rales uhich are 
unsuiteil for inakiiiK*metallic zinc can prolital)ly l>e employed us 
the source of zinc oxide, which is a \aluahle white pigment. For 
instance, the (oniph'x oris of New .lerscy contains both franidinito 
and willemite, and a partial separation of these two minerals liy 
a magnetic process is jiossihle The fraction containing mainly 
willemite can lie smi-ltcd for metailie zinc, hut the fnu’tions ,‘ontain- 
ing the franklinile are somewhat nnsuited for this purpose, owing to 
their liigh content of iron and inangane.se. They are therefore used 
for oxide-production, the W'ctherill jiris’c.ss iicing employed.- d’iie 
furnace is a brick kiln, jiro, ided witli a grate through wliich an 
upward Idast of air can he forced . a charge of ore and anthracite 
rests ution the grate, and the anthracite is burnt liy means of the 
air blast The zinc is for the moment reduced to the metallic slate, 
and begins to di.slil otT as vapour : tint immediately it rises out of 
file layer of incandescent eoal, it is at once burnt by the excess of 
air to zinc oxide, whieii, iiowever, lieing in a finely divided form, is 
carried over as a fume ; the gases pass first through a cisiling- 
tower, and then to a bag-house, wheie they arc filtered through g, 
aeries of bags which serve to collect the zinc oxide 

Most of the zine oxide of comiiuTee is prepared in this way. fn 
the case of zinc ores i ontaining much lead, the product is ' y„no 
means pure zinc oxide, but is a mixture eontaiiniig basa lea i 
sulphate and is styled "leaded zinc” oi ziney lead,' atcoiding 
to the. ])redominnnt metal. It forms, however, a salisfact <rf 
pigment. 

The residues left in the retorts of the ordinary zinc-smelting 
furnaces are also used as'raw material for the Wetherill process. 
The residues contain both zific and lead, aad give a leaded zinc 
oxide on treatment on the grate, 

•W. Kasperowicz, ZtitKh, Angew, Chtm. 31 (1B18), i, 144. 

'OH, Paint and Drug Rrp. Nov. 2, 1914 ; Abslrael, ,S'or, I'Virm. Indmf 
33 (1914), 1092. K. A. Siiulli, ./. Inet. .Wfl.,16 (IWII), 154 ; .S, ,1. Cook,‘ 
Sac. Chem. Ind. (1919), 1.1St. 
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Ah alrna(V mentioned, the WMhorill procoss can be used as a 
method of concentrating complex ziaic ores, thS crude oxide obtained 
being employed for the production of jnetallic zfne.* 

Zinc ojido is a most valuable j^gnu^iit, and is the basis of many 
of the b(wt whi/e enamels.“ It has an advantage over white lead 
in that it d(K‘s not Ijlacki-n in the ])resenoo of hydrogen'sulphide. 
It is often considered superior to white, lead for indoor use, b.ut 
inferior for employment in the open air. 

Other Zinc Pigments. Several other ])igments containing 
zinc have already been mentioned in former volumes of thi.s book. 
The,sc include “ Hthopone,” tin? important pigment consisting of 
zinc sulphide and eo-precijiitated barium sullihate, which has the 
unfortunate habit of darkening when I'xposed to light, owing to 
the formation of metallic zinc. The grfen pigment con.sisting of 
mixed cry.stals of zinc and cobalt oxidps may also be recalled in 
this point, whilst the employment of the chromate (zliw i/rtlnw) is 
worthy of mention. 

Other Uses of Zinc Compojindn. The zinc compounds have 
poisonous properties, and previ-nt the (hwdopment of certain 
objectionable forms of life ; thus the suljihatc is n.scd as a preserva¬ 
tive in glue, ami the chloride as a iirc.servatirc for timber, as well 
as an anti.septic in surgery : zinc oxide is used considerably in the 
preparation of ointments. The oxide also finds employment on 
a large scale in the linoleum and rubber manufactures. 

>W. K. Jngalls, Kiig. Miii. ,/. 104 (1017). 4.77; 
diortto, Mit. Cliiin. Kiuj. 19 (HMS). :i(>. 

“ S. J. */• hit!. 38 (lull)). IUHt. 


105 (1918). 99; P. C. 
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CAT)MIUM 

• Atomic weight . . . 112-1(1 

Ciulmium occupies a position in the (!ronp 11b intermediate 
between zinc and mercury, and its [)ro])orties are. on the wlu>le, 
intermediate ladween the [(rojierties of those two mctols, although 
it has iwrhaps more in common with zinc than nith mercury. 

The Metal 

(.'admiuui is rather «hi,er than zinc and r(‘send)lcK tin sonu-what 
in api)earance. It is more ('asily fusible and more volatih' than 
zinc, the mclting-|ioint being 1122 " and the bi>iling-point 778"’ (". ; 
the vapour-density indic.atcs that the molecules consist of single 
atoms as in the ease of zinc. When molta n cadmium is allowed 
to solidify in a crucible, fine si.\ rayed stars may be seen in relief 
on the free surface, imlicatiug that cadmium crystallizes in the 
he.vagonal system.' (,'iulmi.im is fairly soft, and siifliciently 
malleable and fluctile for the making of foil and wire. According 
to some authorities, more than one allotropic modilication of 
cadmium exists.- 

A eonsidcrablo part of the traces of impurities which are present 
in ordinary cadmium exist not in solid solution, but in the space 
iH’twi'on the grains, presumably as a eutei tic. The exi.stenco of 
this inter granular network of iminirities. whii h must be of some 
im))ortance in dehrmining the mechanical character of ordinary 
cadmium, can be made visible by dissolving the c.idmiuin in a 
concentrated solution of ammonium nitrate a reagent which 
dissolves the metal without gas-evolution, and thus |ca\"s the; 
films of insoluble impurities undisturbed.^ It is noteworthy that 
cadmium which has be<>n purified by distillation in racilo leaves 
a much smaller quantity of this inter-granular impurity. 

Although less reactive than zinc, cadmium cjn evolve iij’drogen 
gas from dilute hydrochloric acif*, when brought into eont.ait with 
a metal like nickel; it will precipitate more noble metals, such 

' W, Campbell, il/flogurjiif, % (1007), 801. 

* F. H. GHhian, J. Afiwf. Scz. 39 (J917), IftOO. E. Cohon and 

W. D. Heldermiui, 4*roc, Acad. 16 485; J. N. GnwiWCHul, 

Tram. Faraday Soc. 17 (1922), 681. Hbwever, M. Cook, Tram. Faraday Soe. 
(1923), attributOB the chaegett of properties obtained on annealing cadmium^* 
to rocrystallizafion. • * 

* G. Tammann* ZeitKh. Ano 'y. Che**". 131 ^1922), 275. 
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as load, coptV'r, silver, or gold, froHi solutions (d their salts. These 
replacements proceed l)e.st when the cadmiufn is not quite pure. 
As is to be expected, cadmium is less ^-asily oxidized and more 
easily re^luced to the nudallic cdoditfoii than zinc. I’lie super¬ 
ficial oxidation of (^lulmium on exposure to hot air is, howefeK, 
possibly more noticeable than that of zinc ; but in considering this 
fact th(^ dark colour of cadmium oxide should be remembered, 
metal can lx? “ burnt to the brown oxide, when heated in the air. 

Laboratory Preparation. Cadmium can be prepared compara¬ 
tively readily by the electrolysis of the salts. The dinicnlties 
connected with t,he efiicient eli>etrolysis of zinc solutions do not so 
seriously affect the treatment of cadmium salts, on acctmnt of the 
less reactive character of the latter metal ; but nevertheless the 
deposition is nion^ cdicient and flu! deposit is more regular if the 
solution employed is pure. If a concentjated .solution of cadmium 
sulphate containing a trace of free acid is electrolysed, metallic 
cadmium is deposited on the cathode. An alternative method of 
obtaining nu'tallic cadmium is to tn^at a solution of the sulphate 
with metallic zinc, which brings down the cadmium in a dark 
spongy form. 

Compounds 

Cadmium is, like zinc, divalent in its stahle compounds, but, 
unlike zinc, forms a few highly tinstable compounds in which it is 
monovalent, 

A. Compounds of Divalent Cadmium (Cadmic Compounds). 

Cadmic oxide, CdO, is a hnnvn body fornnsl by heating 
the metal in air; it may also be obtained by igniting the nitrate 
or carbonate. Wlxm prepared in the hydrated eombtion by tho 
precipitation of cadmium salts with .sodium hydroxide, tho 
hydroxide ” produced is white. The anhydrous oxide can bo 
obtained, by heating, this hydroxide. Cadmium hydroxide is 
splublo in ammonia, but not in sodium hydroxide, thereby differing 
from the, cor'cspoiuling zinc compound. 

Cadmic Saits.' The solvble. cadmic salts arc formed by the 
action of tho acids on the metal, the hj^lroxide, or the carbonate. 
They are white crystalline bodies, bn‘ the whole resembling the 
zinc "alts. The sulphate, 3CdS0^.8rf,0, crystallizes in mono- 
clinic prisms, although uAder certain circqinstancvs a heptahydrate, 
CdS 04 . 7 H| 0 , which is rhombic ahd isomorphous with zinc sulphate, 
tan be isolated.* Th^ chloride has not the same affinity for water 
■P. Mylius aid's. Fs.nk,JSeit 30 (ir97). 8^7. 
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as zinc chloride, and the anhyt/wis chloride can be^obtained by 
heating the hydrated chlorid <4 without scrioua loss of hydrogen 
chloride; like the chioride of the zinc, it is volatile, ami may ho 
puribed hy sublimation. 

jSven more pronounced than in the case of zinc is the Umdency 
to the formation of complex anions containing ciulmiuni and halogen 
elements. Thus the double indi<lc of pobi-ssium and cadmium 
appears to ionize in the manner indicated hy the formula. K[('<U 5 l i 
on electrolysis of the solution, the cadmium moves, not towards tlie 
cathode, but towards the amKle. Kven in a solution of the simple 
i<xlidc, the cadmium tends to move to the nnod(! rather than to the 
cathode when the eoncentration is high, and the facts are best 
explained by assuming the formation of some complex .salt such as 
Cd[Cdl 3 ]j. When the solution is diluted, tlu^ ci>m]>lex Ix'gins to 
break up, and the cadmium begins to move towarils the cathode.^ 

As in the case of zinc, the carbonate, phos))hatc, oxalate, and 
sulphide are iiimtithle. The first three mentioned are white 
precipitates obtained by the addition of the <■orre.sponding sodium 
salts to a cadmium sulphate solution. The sulphide is, however, 
a golden yellow preei|)itate. It differs from zinc sulphide in being 
insoluble in dilute hydriK libvic acid, and may be prepared therefore 
by passing hydrogen snlphiile gas through a hot solution of a 
cadmium salt containing that acid. 

B. Compounds of Monovalent Cadmium (Cadmous Com¬ 
pounds).= 

When anhydrous cadiiuo chloride, f'dClj, is fused with metallic 
cadmium, a mixture is obtained which contains cadmous chloride, 
CdC'l, mixed uith residual cadmic chloride. When treated with 
water, the product gives cadmous hydroxide, which can iie 
dehydrated to give the yellow cadmous oxide, CiljO. The yield 
obtained by this method is small. A green mixture consisting of 
the same oxide mixed with globules of metallic cadmium is o' fcainpjl. 
by heating cadmium oxalate in a stream of carlion dioxide at 
300° C.; it is po.ssible to remove the metallic cadmium by volatiUza- 
tion if the powder is heated in vacuo at about .350° C. 

« 

• Analytical 

Cadmium is distingui^iecf and separated from zinc by the fact 
that it gives a yellow precipitate of cadmium sulphide when hydrogen 
sulphide is passlsd through a solution acidifit'd with hydrochloric 

* Compare J. W. McBain, Zeitsch. KUkirochem. 11 (1905), 215. See also 
R. G. van Name and W. G. Brown, Amer. J. Set. 44 (1917), 463. ** 

*H. G. Deidiam, Trans. Uhtm. Soc. 115 (19re), 550, 
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acid. Vari<^ other metals, howver, under these conditions also 
give precipitates, which in som^ cases are yellow. Cadmioni 
sulphide is separated from the sulphides of arrenic, aAtimony, and tin 
through its insolubility in ammorwvm Sillphide, and frotn sulphide 
of coppef by viftue of its insolubility in potassium cyanide. The 
separation of htad depends on the jireeijiitation of the 'latter as, 
8ul])hato. The separation of cadmium from mercury depends ip 
the behaviour of the sulphides towards hot dilute nitric acid, which 
dissolves the cadmium sulphide, together with that of bismuth, 
if present, but leaves mercury sulphide undissolvcd. From the 
solution bismuth may be prceijiitated as basic carbonate, leaving 
cadmium in solution.* . 

In this way the separation of cadmium from all other metals 
is brought about. It may then be jireeipitated as carbonato and 
weighed as oxi<lo. As in the ca.se of zinc, cadmium comjmunds 
must not bo ignited in contact with thc'tiltcr-paper, or they will 
suffer serious loss of weight through th<‘ reduction and volatilization 
of the metal. 

Cadmium may be estimated at. mCial - by the electrolysis of a 
solution containing potassium cyanide, a bright silver-white deposit 
being obtainable under these conditions. .Solutions of cadmium 
sulphate containing free sulphuric acid may also bi' used, but the 
deposit obtained is in this ease darker and not quite so smooth and 
coherent. 

A volumetric method of estimating cadmium depends on its 
precipitation as sulphide, and the titration of the cad?nium sulphide 
with iodine in the presence of hydrochloric acid,-' The reaction is: 

■ CdS-f2HCl + Is - CdClj f 2111 + .S. 

TEERE.STKI.tI. OCCURBENt'E 

Cadmium occurs to a very much smaller extent than zinc in 
t6ck-magma, but the conditions favoiu-able to the concentration 
of zinc ai-e likewise favourable to the concentration of cadmium. 
Consequently small amounts of cadmium are found in many zinc 
ores, whether primary ores like blende, or oxidized ores like cala¬ 
mine. Xhe cadmiuha probably exists, in most cases, in solid 
solution in the zinc minerals, the caj'mium^toms no doubt replacing 
a certain number of aino atoms in* the crystal-structure. The 

^ Foi^furtiier details of mot-iiods, ses^ W. Scott» " S^daid Methods of 
Chemical Analyaia (Crosby Lockwood). * ^ 

*See A. Classen, "Quantitative Analysis by Electrolysis." Translation 
W. T. HoU (Chapman & Hall). 

* *8. Pile and E. Johnston, Methods of Metallurgioal Ancdjsis " 

(Witherby). .. ‘ • 
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cadmium content oi the zinc minerals rarely exceed* 3 per cent. * 
and js generally mufih less, Uho occurrence of small amounts of 
cadmium in what are-regarded as ores of lead or of copper will 
also readily Ix' understood. Slviierals which contain cadmium as 
the main metallic constituent are very rare, although tho'yellow'ish 
sulphide 

Greeiuxkitc .... CdS 
has been found in Scotland. 

'rK(llNOI,ll(lV .\Nl) r.sKs 

When cadmiferous zinc ores arc sni<‘l(e<l, the cadniiuni, licing 
not only more easily reduoihle than zinc but also more volatile, 
comes over almost entirely with the first portions of the distilled 
metal. 'I’he.se lirst portions of zine.v.a])our. as has been remarked 
already, do not eolhx't as li(|Uid zinc in the adajiter. because the 
condensed globules become at ota'e o.vidizcd on their KUrfa<'e, and 
will not coalesce. The cadminin-rjeh portion of t he zinc is therefore 
found after the di.dillation as a ])artly oxidized powder in the 
nozzle or prolong attached at the end of the adapter, ami for this 
reason it is obtained separafely froni the bulk of the metal. 

A quantity of cadmium oxide is also present, in the dust earri(sl 
out by the gases from the preliminary roasting of the zinc ores.i 
In addition, a great deal of the dust obbiined in the bag-hotises at 
certain American coj)pcr-works and lead-works, isavaluable source 
of cadmium.^ 

If the cadmiferous (hisV whatever its origi?i is mixed with 
fresh coal, and distilled at a low red heat, the lirst ])or(i(;n of the 
distillate will be found to be still rieher in eadmium, the, content 
of which may now reach Vb j)er cent. If this rich distdiate be then 
mixed with coal and distillei^ carefully a third time, at a low tempera¬ 
ture, moderately pure cadmium metal may be obtained. 

It is, however, more usual to dissolve the dust eontainiVg 
cadmium in acid, the cadmium and copper being thrown down 
from the solution as a “ mud ” by means of zine. The mud is theii 
treated with dilute sulphuric acid which dissijlves the I'admium, 
and leaves tho copper. Jhe e^lmium is again thrown down by 
zinc and once more rc<li88oh;pd in acid: the solutygi is purified 
chemically from iron, ths/lium, etc., and the cadmium is finally 

deposited by electrolysis.’ • 

/ • 

»A. T. Ward, -Win. Ind. 28 (1919); 94. 

• H. K. Hanley, Met. Chem. Eng. 23 (1920), 1257. See also C. E. diebenat-i 
tluj. VJS. GeoL Sun. Min. Ret. (1917), 1, 49. • 

•H. B. Hftfikg, CAem. Trade J. 68 (1921),>67. 
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A little ctdmium is produced mu a by-product of the lithopone 
manufacture. If the zinc salts intended f'h- the preparation of 
lithopone have been made from cadmiferous orb, the cadmium 
should bo removed by means o>eini$ ^lust, or the pigment will 
be yellowish owing to cadmium sulphide, " • 

• • 

Uses of Cadmium. Although cadmium-plating has been used 

occasionally, instead of galvanizing, for special purposes, the greater 
part of the metal manufactured is consumed in the preparation of 
alloys. Cadmium has itself a low melting-point, and, by admixture 
with other metals of low melting-points, very easily fusible alloys 
can be made. For instance. Wood’s metal is composed of lead, 
bismuth, tin, and cadmium, and melts at about‘()0° C, It is used for 
automatic electrical cut-outs and thermoinetric alarms, as well 
as for the “setting” of crystids in the •“ detectors ” of wiroless- 
trdephone apparatus. Other fusible alljiys which melt at rather 
higher tiuuperatures are known. An alloy of lead with about 
10 per cent, of carlmium anil about 10 per cent, of tin was used as 
a solder during the war, especially yi Oermany, where there was 
a shortage of tin. 

The (juestion of adding eadiniuni to the isipper used for electrical 
purposes has been referred to in the beetion on copper (page 54). 

Cadmium sulphide is a valuable yellow pigment, whilst cadmium 
is also used as a colouring agent in the glass and ceramic industries. 
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Atomic wcigiit . . . l’0() (). 


The Metal 

Mercury is the remaining member of groiip llii. 'J’he change of 
properties which was noted in piussing from ziiie to eadininm ia 
observed again in passing from cadmium to menuirv. .fust os 
the boiling jjoint and melting-point of endmi\im were lower than 
those of zinc, so the boiling-point and nn'Iling-point of mercury 
are lower than those of cadmium. In fact mercury is a Ihpiid at 
ordinary temperatures, and only becomes solid at .‘hC ; it is, 
moreover, a|ipreoiably volatile at ordinary temperatures, and boils 
at So? ' .Mercury vapour consists of monatomii^ molecules. 
Men'my is hea\ ier than eadi.diin.. just ns cadminm is heavier than 
zinc, the specilic gravity of mereury being as high as l.'j ti; it is, 
ill fiu-t, the hi'aviest liipiid known. 

Mercury i.s a silver-white, liipiid, which possesses a high surface 
teii.-ic'ii; a mass of mereury disjilays a marked tendeney to gather 
itself into such a form that the siirfaei' area is a niinimiim. For 
this reason, in spite of the high specific gravity of the metal, small 
globules preserve an alnio.st completely spherical form, the sjihoro 
being the shape in which the ratio of surface area to volume is n 
minimum. Larger massi's of mercury a.ssiime the form vf flattened 
spheroids, os the result of a compromise between the o]iposing 
forces of surface tensiiai and gravity. (Surface forces of a similfir 
character are responsible, for the shajie taken up by the surface of 
merewy jilaced in a glass \S'ssel ; the siudace of the mercury droops 
downw'ards at the edges of the vessel where it approaches to ■ glas* 
Again, if a U-tiibc with two limbs of imeijual bore be p'lftly filled 
with mercury, the level of the liquid will be found to bo low> r in 
the narrow limb than in the wide limb ; with water, and most 
ordinary liquids, the level is highest in the narrow limb. 

Another effect of the same surface forces is that two globules of 
clean mercury when broiighfr into contact once^arescc into a 
large globule, .the combiift'd surf,ace area being greatly diminished 
by the change. Jf, however, Ihe Surfacei^of the glqbules be covered 
with the least scum, i*) such coalescence will occur. If, for instance, 
mercury be rubbed up with fat, it becomes divided into minute » 
globules whic(j do not reumto, and a iifcreurfal “ ointment ” results. 
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Similarly mJrcury treated with silphur becomes changed to what 
appears to be a grey powder compesed of solM partieles ; really it 
consists of liquid globidos, prevented from-uniting by the film of 
sulphur or sulphide on their siut'ace.' ^Theso phenomena, which 
can bo obVsrved m the case of mercury at the ordinary temperature, 
help to elucidate Some of the facts mentioned in the section dealing 
with zinc (see page 149), It was there stated that the superficial^ 
oxidized globules of molten zinc obtained during the first stage of 
the distillation in zinc-smelting fail to coalesce together, but remain 
as separate particles, which finally pass into the solid state without 
uniting; the formation of “ blue powder ” in zinc-distillation finds 
an analogy in the formation of powder wlicN mercury is rubbed 
up with sul[)hur. 

Mercury drops e.x])ose(t to an atmospbere containing ozone or 
hydi'Ogen pero.xide lose their characteristic mobility, and tend to 
stick to the glass, or when they ar(! made fo run (wer it leave streaks 
or “ tails ” behind them : this is also due to superficial oxidation. 

The increase in "nobility” which was noticed in passing from 
zinc to cadmium is very mark(Al when we pass on to iiK'rcury. 
The latter metal falls close to silver in the Potential Series. .Mercury 
is very easily reduced to the metallic stele, and is not easily oxidized. 
By heating mercury to the neighbourhood of its boiling-point 
in air or oxygen a certain amount of mercuric oxide i.s certainly 
formed, but this oxirh' is itself decomposed by heating at a higher 
temperature. 

Since miwcurv falls on the “noble” side of liydrogen in the 
Potential Series, it is unattaeked by dilute sulphuric or hydrochlorie 
acids. When treated, however, with hot concentrated sulphuric 
acid or with nitric acid, it reacts with the formation of mcrcimy 
salts. Sulphuric acid is i-edueed to sulphur dioxide, and nitric 
acid -uiuier ordinaVy conditions to oxides of nitrogen. Nitric 
acid free from nitrous acid has practically no action upon mercury.' 
‘“Laboratory Preparation. Slost mereury compounds, e.g. mer¬ 
curic chlftride, when nlixell with excess of lime and heated in 
a glass retort, yield the metal, which distils over and can be condensed 
in a vessekeontaining water. It is likely that the oxide is produced 
first, which then decomposes into^nercury and oxygen. 

Mercury compounds arc also easily reduced to the metallic 
state in a wet' mannes, c.g. by adding‘,8tannnua chloride to the 
solutitwi of a salt; but t,V mergury.is brought doilvp as a black 
finely-divided form, which is only converted to tlA familiar silvery 
liquid upon boiling with hydrochlorie acid. 

> V. H. Veley, }. Sq/:." CAent. Ind. K (1801), 204* 
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Mercury is very ai>t to becoi4e.iiiipure by attacking *)ther metals 
witK which it may come in conjact, and also to become foul owing 
to the formation of a superficial film of grease or oxide which 
prevents r?iwly coalescence of. the pfirtieles. The purification of 
ipe.cury is therefore a familiar laboratory opeiation. 'A great 
deal of sdum can usually be removed by pressing the liquid through 
leather or fabric, whilst many of the less noble metallic impuritice 
can be dissolved oqt by treatment of the metal with dilute nitric 
acid. 

The oidy completely satisfactory method of jnirifu'ation is, 
however, by distillation, preferably under reduced pressure. 
Innumerable forms of apparatus ba\e been designed for " distilla¬ 
tion in vacuo” in the laboratory.' 

Colloidal .solutions of mercury can be obtained by striking an 
arc below uater between a platinum negatirc pole and a mercury 
positive ])ole, ll(l-22(t \(<lts Is'ing I'Uiployed,- or by the action of 
hvdra/.ine' or otber I'ediU'ing agent on a solution of mercurous 
idtratc." In both metlnsls espisdally the second—the priqiaration 
is extremely un-tabb', nnlcsi; a puteetive colloid is ])resent; gum 
arabic is rcconimeodi'd in the first nu'tbod and .sodium protalbinate 
in the second. 

Alloys of Mercury, Mercury forms with otiu'r metals a series 
of ab.ys. known as amalgams. These are usually liquid when 
only a small quantity of the second metal is present, but are 
otherwise generally solid. 

Many amalgams are formeil by the diieet union of the component 
metals. Thus on adding sodium to meretiry it dissolves nvulily 
with a great mvilution of beat, yielding sodium amaigt'im ; in fact, 
if mercury’ is poured on to sodium an exjilosion usually fsicura. 
This hcat-e.voliition would seem to point to some cbeniieal combina¬ 
tion, and the mclting-])oint curve of the sodimii nicrotuy alloys^ 
actually suggests the existence of several mt(*r-metallic ,'omi'ounds. 
There is evidence of the individuality of the following compoolK's . 

NaHg„ NaHgj, NaHg, NajHgj and Na;,Hg 

whilst there are les.s certain indications that others, such as Naj tlfgn 
and NajHgj, may exist. Amalgams containing more than about 
0-8 per cent, of sodium (tiy wefght) are solid at or^axjLtempera¬ 
tures ; the amalgam having the composition kiaHg, dlUnsists simply of 

• 

1 A. W. Wriglity Awirr. .f. Sa. 22 (I8S1), 47!), diwcrilxM a fonn which 
maintains iut own vacuiun. 

• A- (jJutbior and (i. i.*. WoifH', Koll. Z*itsc}i. 25 (1910), 97. 

* C. Ambcrger, KuU. Zettsch. 8 (1911), H8. t 

♦A. SchuUeTii^eUscA. Aricnff. 40 385. 
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this one intol'-inctallic compound anil has a majtimum melting-point 
300° C. On the other hand, alloys in which the atomic percentage 
of sodium is 85-2 per cent, consist of a eutestic raijfturo of sodium 
and the compound NajHg, and Ciavc'i melting-poinf as low as 
21-4°0. ' 

Sodium amalgam decomposes water giving sodium hydroxide, 
the reaction being aided by a substance like iron or carbon which 
acts as the cathode of the corrosion couple. But even under such 
circumstances, sodium amalgam reacts with water much less 
violently than ))ure sodium, since part of the energy iidierent in 
sodium has already been exi>ended in its combination with mercury. 

Amalgams weak in sodium can actually be»j)repared by electro¬ 
lysis of a soilium salt solution, using a mercury cathode, but only the 
liquid amalgams an! readily pre[iared iu^his way. 

Hodiiim amalgam is used in organic chemistry as a reducing agent. 

The amalgams of zinc, cadmium,’bismuth, lead and tin 
can b(' prepared readily either by the addition of the second metal 
to gently heated mercury-- or by the action of mercury upon the 
niolb'u metal. In preparing thoullojts the molten metallic mixture 
should b(' (iovered with a layer of vaseline or ])araflin to prevent 
oxidation. According to Piuehin,' tlv^ melting-jsiint curves in all 
eases afford no indication of any definite intermetallic compound. 
'I'lu? alloys of mercury with cadmium and zinc appear to consist 
of mixed (uystals, and the beautiful six-rave<l stars which appear 
on the nppiT surface of these alloys when they are allowed to solidify 
in a erueibh' seem to indicate that the mixed < ryslals belong to 
the hexagonal system, ('ojqier also reacts slowly with mercury, 
becoming converted into a brittle copper amalgam. 

Silver amalgams can be obtained either by the action of silver 
nitrate on mercury, or by the iwtion of mercurous nitrate on silver ; 
the alloy-system a])peurs to include three ii\ter-melallic compounds, 
namely, AgjHg,, AgjHg,, and pndjably AgjHg; as to which of 
tkeso will be produced dcjjonds on the projiortions of silver and 
mercury. salts in the. solution. Tho conipouiul AgjHg, is the 
Ig'st-knowii; it usually appears in fine four-sided needles, and is 
stable in contact with all solutions in which between 2 i) and 18 per 
cent, of tho total (jimntity of the two dissolved salts consists of 
silver nitrate,- ' “ 

The ama'lg’oAis of gold have alsolreon studied iij detail; three 
inter-metallic compounds^Au,Hg^ Au,llgs and AuHg, exist.’ 

. V 

* N. A. Puscliin, Zeitf>ch. Anorg. Cktm. 36 (1903), 201. 

,, W. Reindere, Zeitifch. Fhyn. Chem, 54 (1906), 609. Compare A, Ogg, 
•Zeitach. Phyg. Chem. 27 (189S)» 286. See also Vol. I, jioge 398. 

* S. A. Bmley and R. F. Af/hf. Vhern. Soc^ 43 (1921)i 740. 
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Several oAhe amfijgains cant® obtained in a plaatidforni which 
is capable of “ setting"” slowly tp a hard mass. Tliis matter, which 
is of great impttrtanee in dentistry, is considered in the technical 
section. Mbtals like irort and,.platinum wliieh have very high 
meUing-points are not readily attacke<l l)y meieury, at ar^' rate at 
low tom^'ratures; mereury can la? preserveil in an iron bottle 
wjthout undue fouling. 

Compounds 

Mercury forms two series of compounds. Besides tlie mercuric 
salts, in which mercury is divalent, and which are analogous to the 
zinc and cadmie salUi, there is also a lower series of mercurous 
salts, in which the metai is apparently monovalent. No zinc 
compounds of this type an' known, although unstable bodies of 
similar com])osition (the “ cadmous ” salts) have already been 
described in the case of laWmium. In mercury, however, the lower 
series of salts are very well (levelo])cd, 

When mercury is healed Hith an rrem of sirontj nitric acid, 
mercuric nitrate is formed^ if> any mercurous compound is 
formed in the lirst instance, it is soon convertisl by the oxidizing 
acid jiresent into the mercuric salt. On the other haml, if (.reran 
of mercury he acted upon by dilute nitric acid at ordinary temprratiirc.H, 
vierc'doua nitrate is the product; any mercuric salt which may 1 k> 
formed temporarily is almost coiufiletely reiluced by the excess of 
metallic mereury jiresent. Krom the two nitrates, the oxides and 
other salts of the two series may he (irejiarcd 

A. Compounds of Monovalent Mercury (Mercurous Com¬ 
pounds). 

The mercurous compounds closely resemble the silver compounds 
in properties a circumstance that is not surjirising, since the 
formula' of the two classes are analogous. 'I’lie oxide, Hg,0, at' 
prepared by precipitation of a mercurous salt with caustic alkali istt 
brown-black precipitate containing appm^'iitly no eomliiiieil watei ; 
in this respect it resembles silver oxide. But, when precipitatr d at 
a very low temi>erature (e.g. by the action of jxitash dissolved in 
70 per cent, alcohol upon alcoholic mercurous nitrate at — 42' C ), 
a yellow precipitate is ohtainerjt which may be a hydroxide *; if 
the temperature is allowed to vise, tjie proeigitate atrffiClTBarkens. 
Mercurous oxiue absorbs Oxygen when exposed to the air. but 
decomposes to mercury and oxygen upon gentle heating. The 
nitrate, HgN0i.l(,0, is—as already stat^- prepared by the action 
of dilute nitric acid on the metal, and when isolated by evaporatioB 
■ (4. B. Bird, AtUer. Chtm. j’ § (188«). 426. 
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is a white (t’ystalline body ; tho,s^lphate is, like silver sulphate, 
a much less soluble substance t^n the nitpate, and is prepared 
by the action of sulphuric acid on excess of njercurys The chloride, 
HgCl (calomel) and bromide, Hg^r,'sl-c, like the cofresponding 
silver coliipounda, heavy curdling precipitates, very insoluble jn 
water, the bromide being more insoluble than the chloride; they 
are produced by the addition of any soluble chloride or bromide 
to a mercurous nitrate solution. To complete the analogy wi?h 
silver, they darken when exposed to light, metallic mercury being 
formed. Both these compounds are volatile, and distil apjianntly 
unchanged (sec, howe.ver, helow). 

Mercurous iodide, llgl, is rather unstable, and partially 
decomposes to mercuric iodide and mercury; consequently when 
potassium iodide is added to a mercurou^ salt, a greenish mixture 
is precipitated, containing lincly-dividisl mercury as well as 
morcurous iodide. ,Similarly when sulphuretted hydrogen is passed 
through a menuu'ous salt solution, instea<l of the precipitation of 
mercurous sulphide, a black mixture of mercuric suljihide and 
mercury is obtained. , <. 

Solutions of all soluble mercurous salts readily hydroly.se, basic 
salts being prerupitated, Basic nitrates and sulphates of various 
compositions arc known. Mercurous nitrate, for instance, can only 
ho kept pernianenlly as a clear solution if a little free nitric acid 
is added, fn this respect men urous .salts differ from silver salts, 
which do not undergo hydrolysis, being derived from a more 
strongly basic, oxide 

Molecular Formulae of Mercurous Salts. The que.stion of 
the vapour density of raereimuis chloride is one which has aroused 
a groat deal of controversy among chemi.sts. It is now known * 
that if mercurous chloride is vaporized in the complete absence of 
water, the vapoiii* consists of double molecules Hgjf.'l,. If the 
smallest trace of water is present, thd vapour density is halved. 
However, this is probably not duo to the splitting of Hg,Cl, into 
two Hgt'l molecules, but into mercury and mere\iric chloride, thus, 

Hg,Cl, - Hg + Hgf'l... 

The mercury and noercuric chloride recombine when the substance 
oondensfcs, and hence merewous; chloride appears to sublime 
unchangl'cr.^._. , » » 

The molecular forniida of undecompflsed mercm'pus chloride in 
the ^eous condition mVist thetefofe be regarded as Hg,Cl,. It 

^ > H. B. Baker, Trans. Chem. Soc. 77 (1900), 046. 

• • W. Harris and V. Mei er, Ber. 27 (1894), 1482; V. Meyer, Hir. 28 (1896), 

364. ‘ ‘ 
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is worthy of notice ^hat in solution also thi mercurous 

salts, show a tendency to yio^d ions containing two atjnns of 
mercury; thu8«thcre ig evidence* tliiit in soiutions of inercwous 
nitrate and*mercurous pcifchloriite the principal cation is not Hg’, 
bjt«[Hg,]”. This evidence is (ieiivcd from nieaaftreinei*s of the 
variation* of the potential of the electrode • 


Hg 


Mercurous 
salt solution 


with the concentration of thi' solution. If the solution contains 
monovalent Hg' ions, then it follows from electnK'hemical principles 
(see Vol. I, page 324) that a tenfold decrease in the concentration 
should shift the potential by 0 058 volts ; if the solution contains 
divaient [Hg.;] " ions it jihouUi alter it by only half this amount, 
namely, 0 029 volts. Experiment has shown that the ])otontial 
is shifted through aliouf^0 029 volts, and we concludi^ that tho 
principal ion is [HgJ 

But although, both in the gascoti.i stat<- and in solution, 
mercurous compoimds showsa ngtrked tendency to f*>rm double 
molecules or donnie ions, this does not a)ipear to necessitate the 
practice—adopted by manv^authors-—<if writing the formula) of 
tho solid salts as Hg^Clj, Hgj(NOa)j, etc. I’robably Hg;,,CI,^ 
Would more .accurately represent the state of .aggregation of solid 
calomel. In this volume, the Kim]<lest formula', such as HgCI, will 
be employed. 


B. Compounds of Divalent Mercury (Mercuric Compounds). 

The mercuric salts iesend)le the zinc and cadmic^ saltsgnorc than 
any others, although the re.sendilance is not so close as that between 
the mercurous and silver salts. 

Mercuric oxide, HgO, can he obtained by heating mercury 
in air at tenijs'ratures clo.-*) to the hoding-]ioint. But this is too 
slow a method of prcpaiation for pnretical irsc. It may h, foruied 
more conveniently by gently heating mcrauric nitrate. As prepared 
in the dry way it is red ; but, by precipitation of a nicrcui'i* salt 
with sodium hydroxide in the cold, a yellow form, apparently free 
from combined water, is obtained; even when obtained by the 
“ wet ” method, the pr« elpitat# is orange when bro ught d own in 
warm solution, and is stated^eribe red when baling ba»»<Hlf1^droxide 
is the precipifant. The *yellow and r^ forms are appa^^ntly 
identical, as theyBave the sa/he dissociation prossive curve.* Tho 

» A. Ogg, Zeitsc/ Phys. Chem. 27 (1898), 29S; O. A. Linhardt, J. Amer. 
Chem. Soc. 38 (1916), 2359. . • 

• 0. B. Taylor and G. A. HijIeW, J. PhtjffChaig 17 (1913), 505. 

M.O.—V0L,A. . H 
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difference colour is probably dife to the jjellow {otiu being in 
a finer state of division. A sonjewhat interesting jelly-forpi of 
mercuric oxide is obtained under certain conditioife when mercuric 
chloride and potassium hydroxfJe ihferact in the 'J)resence of 
acetone.' ‘ • , 

If strongly hekted in a glass tube, mercuric oxide decomposes 
into mercury and oxygen, the mercury distilling away as vapour 
at the temperature in question, and condensing upon the confer 
juirts of the tube. 

Mercuric oxide is generally stated to bo insoluble in sodium 
hydroxide. It is found, however, that it is soluble to a small 
extent, especially in a concentrated solution of the alkali. 
Apparently a body analogous to sodium zineate is formed.^ 

The soluble mercuric salts are in general colourless crystalline 
solids. The nitrate, Hg(N() 5 ) 2 .nH 20 , is obtained by the iiction of 
excess of strong nitric acid ui)on merciu^; the sulphate, HgS 04 , 
is likewise formed when excess of concentrated sulphuric acid acts 
on mercury. Solutions of both these salts readily deposit insoluble 
basic salts, owing to hydrolysis 5 thc^ can only be kept in solution 
when free acid is present. 

Mercuric chloride, HgClj, may,bo prepared by the action 
of chlorine on mercury, or by dissolving mercuric oxide in hydro¬ 
chloric acul. It is a white crystalline body. Being more volatile 
than the chlorides of zinc and ciulmium, it may bo .sublimed with 
ea.se ; hence the common name, corrosin mblhmte. Various dry 
metluHls of preparing the salt arc founded on this fact; the sim- 
idest method is to heat sodium chloride and mercuric sulphate 
in a large glass vessel; mercuric chloride sublimes, and condenses 
in lino transpaismt crystals on the cooler parts of the vessel. Like 
ino.st soluble salts of mercury, mercuric chloride is extremely 
poisonoius. 

It is noteworthy that a mercuric nitrate solution has an 
appreciable solvent action upon silver chloride.'' This shows that 
mercuric chloride is capable of existing in the same solution as 
silver nitrate under certain circumstances without the precipitation 
of silver phloride, a fact which would suggest that mercuric chloride 
yields but few chlorine ions when dissolved in water. Probably 
mercuric chloride should be regarded as a complex salt, Hg[HgCl 4 ], 
or poasibl^iIg[HgCljl„ analogous cadmium iodide, Cd[Cdl 4 ] or 
Cd^ftllalf Mercuric chloride is more sSlublo in pofassium chloride 
solution than in pure water, a fact which suggests that a complex 

' E. H. Bunco. J. Phys. Chm. 18 (1914), 269. 

• 0. Kusoya, /. Afwr. Chetn. Soc. 42 (1920), 368, 

* H. Morae, ZeiUfch, Phya. Chrfft. 41 (1902), 709, 
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chloride may be produced, posA^ K,[H^ 4 ]or contain¬ 

ing mercury in the dnion.' * 

The insolubiS mercuric salts include the iodide ; in this rcajM'ct, 
mcrctu-y differs from zinc itiifl ".'«?mium, which havq soluhjp iodides. 
lUercuric iodide, Hgl,, k; a scarlet precipitate, obtained by 
adding potassium iodide to a mercurft salt; it redissolves in excess 
of, potassium io<lide, forming a yellowish liquid which contains 
complex i)otassium mercuric iodides such ns K-lllgl,] and K[HgIj], 
both of which are known in the solid state. These eomjilex salts 
are so soluble that very heavy solutions can be obtained ; solutions 
having a specific gravity of 2 8, a remarkably high value for an 
aqueous solution, art) easily ))roduced. .Mercuric iodide can be 
obtained in well-formed crystals, by erystidlization from a hot 
solution of potas.sium iodide. The compound e.xists in more lhan 
one form. When potassium iodide is added to a mercuric chloride 
solution the precipitate is momentarily yellow, but almo.st 
immediately becomes red. If, honeier, the solution (ontains 
1 per cent, of gelatine, the change is retarded, and the pieciiutate 
may retain a canary-yellow*cohtur for half an hour or inon*. 
Finally, however, it becomes red,- 

Tlie red varii'ty is thus the lorni stable at ordinary tcnqieratures. 
But when it is heated above 127" it changes suddenly to a yellow 
varicU', which, however, returns to the red form on cooling. Here 
we seem to be dealing with two sejiaratc crystallographic varieties, 
since the red form is tetragonal and the yellow form rhonibic. The 
yellow' rhonibic form grows gradually redder when heated above 
180“ (' and melts about 25,') C. to a bloisl-red liiiuid.'’ It isipiite 
volatile, the vapour being yellow, The vapour, w hether ittsindenses 
above or below 127" C., usually yields the yelliiw form, but if the 
condensation is very sudden a colourless product may be obtained. 
This may be prepared by heating the iodide a't IWfO-TiOO' C. in a 
long tube connected to an exhausted apparatus, arranged > that 
the pressure can suddi'iily be reduced Iroiii 1 atmosphere lo ,' 
atmosphere ; the rajiid reiluction of the ])ressure causes ‘sudden 
condensation of the iodide vapour as a white snow, which in a 'cw' 
seconds Ijecomes pink, and, after some minutes, nsl.' The possi¬ 
bility that this apparently colourless form may js'riiajis consist 
of very small particles of fhe J'^llow form, <hs-s nota^;s#-to be 
completely excl|jded by thj^acts ai^ they ate kno^ffw present. 

1 Comparo M.* f^. Shcmll, ZeiUilp. 43 (1903), 705. 

• J. N. Friend, tifure. lOtk (1022), 341. 

* Tlie celour-cliaiiges an, consitlcrcd “by A. Hmils and 8. C. Bukltorst, 

Zeitxh, Phys. Chem. 89 (lOl.'i), 305, 374, in connoction with a ajssiial thisa';^ 
of allotropy. , * 

•0. Tammonn,*lSci4ac/i. Anofff. Char- 109 (19‘81), 213. 
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^ c 

Another interesting property of •anrcuric iodide is thaf its electrical 
jonductivity increases when it is exposed to*the light.* . 

Mercuric sulphide, as obtained in aqueous Solutions by the 
iction of hydrof'en sulphide on a nkircufio salt, is a black*precipitate. 
It differ^ from all other freshly precipitated sulphides by bcipg 
insoluble iti hot dilute nitric acid, a fact utilized in the separation 
uf mercury from oth(^r metal.s, Like most other mercury cop- 
pounds, it is volatile, but passes on sublimation into a rod ery.stallino 
variety, wbich is usually known as “ v(u-milion.” 

C. Miscellaneous Compounds. 

The interesting and extremely dangerous*substance known as 
“ mercury fulminate ” will be discus.sed further in the technical 
section. It is a whites, crystalline, explosive substance, which is 
formed by the action of mercuriis nitrate on aU-ohol. It bivs the 
same empyrical isomposition as mere uric* eyanate {HgC.NoOj), but 
the constitution is still a little uncertain. One authority - states 
that it should be expressed 


• • 

0 NO, 



whilst another ■' considers it the mercury salt of the acid 
OH N 

i 

C(OH) N 

Mercunc fulminate detonates with violence when struck with a 
hammer, or when heated suddenly, lly cautious heating in utew 
at about HO ’ 0. it can be made to decompose slou ly with evolu¬ 
tion of carbon dioxide ; the vekeity of decomposition is extremely 
slow at first, but after a time it becomes quicker, apparently owing 
‘to'the formation of some substance wbich eatalytieally accelerates 
the change.'* , • 

. Action of Ammonia on Compounds of Mercury.® When 
ammoni,a is added to jireeipitated mercurous chloride, the white 
precipi/ate turns Black ; this is due to conversion of the mercurous 
comp'V'd to a mixture of a AercuAc compound and metallic 

jc: _ , ^—. 

LP. Ktoipf, Ann. Phys. 66 (1921), 463. * 

“ G. S. Heaven, J. Soc. Chem. Ind. 3f (1918), 143 t. 

* W. R. Hodgkinson, J. Soc. Chem. Ind. 37 (1918),i190t. 

* K. C. Farmer, Trans. Chem, So^. 121 (1932), 174. * 

,• ‘ E. C. Franklin, Amer. Chem. .J. 47 (1912), 301: M. C. C. Holmes. Trans. 
Chem. Soc. 113 (1918), ^4 i H. Saha and K. N. Choudbury, Zeiisch. Anmy. 
Chem. 86 (1914), 226: D. StrOmholjn, ZeitSch. .itwrg. Chfon. 67 (1908), 72. 
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mercury, which appears blacj ,n the linely-dixidtHl’HtaU'. The 
reactbn is iraportan^ in analysis Isvanse it siTves to distingtiiah 
merciwons chloride from silver chloride. 

Tire ammoniacal conijxxmds of divalent inenairy reeeivcil much 
atttmtion^from the early eheniiats. As a residt they are usually 
still known by old-fashioned names. 

There are three separate cla.sses of (•om])ounds ; these an^ 

( 1 ) Additive compounds, such as “fusible white precipl- 
tate,” HgC'L. 2 NH 5 , which can he made hy the direct action of 
gaseous ammonia on mercuric cldoride, hut is mor(‘ easily ohtjiined 
by the adding mercuric chloride to a boiling solution containing 
both ammonia and hminonium chloride; the precipitate comes 
down on cooling. Other additive coni|)onnds, siicli as :iHg('l.„2NH^ 
and HgCL. I 2 NH 3 , have been described. 

(2) “ Ammonolysed ” Compounds. If in the method just 
described the ammonium chloride is oiniitcd, ■■ annnonoivsis ” of 
the mercuric chloride occurs, 


Cl 

Hg 

Cl 


HNH: 

Nil, 



MI,Cl. 


/Nil, 

The product, Hg'^j,| ", known as “infusible white precipi¬ 
tate ” differs from the product obtained in presence of ammonium 
chloride in volatilizing without fusion Mheii heated. When boiled 
with ammonium chloride, it gives the fusible ])rccipitate 

(3) “ Hydrolysed ammonolysed ” Compounds. When tho 
infusible precipitate is digested with a large amount i f water for 
twelve hours at 00-711 (', h,\ drolysis occurs, and \\v get the so called 
“ Chloride of Milloii’s base. ’ 



NH, 

Cl 


/N'f^ 

Hg< 

\ci ^ 


.-MC 


Hg 




H 






Hg' 


Cl 


+ NH,C1 


The same chloride can also be produced l^v the interaction of 
ammonia and ancrcuric cMoridc in voty dilute solution. The 
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corresponding hydroxide (Mlllolfit base) i8«formed on warming 
mercuric oxide with rlilute ammowia. 

The connection betweem the three cla^-scs of compounds just 
describee^can bp summarized by%ie fwo equations, 

KgCl,.2NH3 ^ xVHj.HgCl d- NH,C1 
2NH2.HgCl -I H.O NHj.Hg.O.HgOl + NH,C1. 

Both tlieso equations are reversible. Any increase in the eonciSi- 
tration of ammonium chloride tends to favour the reactions in the 
“ right-to-left ” direction, whilst dilution with water has the opposite 
effect. 

Neither Millon's base nor its chloride are ,in themselves of any 
sisshal interest, but if a soluhh^ iodide be brought into contact 
with them, we get a yellow or brown precipitate of the eories])onding 
iodide, NHj.Hg.OHgl. 'I'he production of a yellow precipitate (or 
in very dilute solutions a yi^llow colornNon) when a niereiiric salt, 
potassium iodide and aniinonia are brought together. ])rovides a 
very dtdicato means of detecting ammoivia. Upon this fact depends 
the us(^ of “ Nessler solution ’’.as a method of estimating ammonia 
or amnioniiim salts. Nessler solution consists of a .solution of the 
complex potassium mercuric iodide made strongly alkaline with 
pota.ssium hydroxide. If a trace of ammonium salt be present in 
a dr-inking wak-r, for instance, its amount may be deternuned by 
the addition of a drop of Nessler solution. The caustic alkali 
pre.sent liberates frer^ auimoida. and this reacts to form the iodide 
of Millon’s base. Thi! dejith of the yellow coloration produced, 
carefully comjiared with those formed, under similar conditions, 
by standard solutions of ammonium chloride of known strength, 
gives an iirdicatiou of the. amount of ammonia present. 

• Analytical 

Nearly all nuTciiry compounds when heated with lime or sodium 
'liafbonate at the bottom of a hard glass tut)o an; reduced to mer¬ 
cury, which volatilizt's from the heated portion, and globules of 
the metal appear further up the tube. The aqueous solutions of 
the salts mostly ^ive a bright film of mercury when copper is 
immersed in the acidified solution, but this test docs not apply 
to aimhlkTOinplox salts. 

The raorcuNtus salts give -With sotliTyu chloride ^a white precipi- 
tatV which is turned black by,am|ponin ; with jmtassium iodide 
they give a muddy green precipitate, and "’dh caustic soda a black 
precipitate. The mercuric salfe, on the other mand, give a red 
ifirecipitate with thedodide, and a yellow one with caustic soda. 
The action of stannoud widoridp on mercuric compounds is also 
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characteristic ; thi^ reducing a^rt first converts the mAcury to tho 
mereurous state, whicii results in^he precipitation of white mercurous 
chloride ; then a further partial reduction to metallic mercury 
occurs, and so tho precipitats’darkens. Sulphuretted hydrogen 
giyos with mercuric solutions a black ]ireeipitnte,‘insolu'.ile in hot 
dilute nilric acid. 

The estimation of mercury depends on tho volatility of the metal. 
In most cases when a substance containing mercury is distilled 
with lime in a combustion tube, the whole of tho mercury passes 
off as metallic vapour. But some mercury compounds, like mer¬ 
curic iodide, would under these conditions di.stil away unchanged ; 
in these casiw, a rcduiung agent, such as eo]>]M'r filings, should bo 
added to the mixture. 

Tho quantitative distillation of mercury is conducted as follows. 
At the closed end of a coinhubtion lube is ])Iaced some dry sodium 
bicarbonate ; next to it is put the mixture of the siihstancc under 
examination with lime, and, if necessary, I'ojipcr : next comes ])ure 
lime, and finally, towards the (qK'ii end of the tuhe, asbestos lihre. 
Tho open end of tho tuhe is no« drawn out to a ])oiiit, and bent 
down so that the oixining dijis below the surface of water in a 
beaker. Before the distillation starts, the aslaistos and lime must 
be brought to a high temperature ; then the mercury mixture 
also may lie heated, so that reduction occurs. Finally tho bicar¬ 
bonate at the closed end of tho tulx) is also wanned, and a gentle 
stream of carbon dioxide is thus produced which carries the metallic 
vapour along tho tube and out at tho <onstrictwl end, where tho 
mercury is condensed beneath tho surface of the water. If any 
mercury salt commences to distil unchanged, it is decomposed 
when passing over the red-hot line. The metal globule obtained 
is collected, dried with filter-pajicr and weighed.' 

Since other metals will not bt^ volatilized under these conditions, 
their presence does not inti rferc with the, jms'css ; and this method 
affords, therefore, a means not only of estimating mercury o. i'x 
pure salts, but also of scjiarating it from other metals. Ihfficulty 
is occasionally exjicrienced in causing the minute beads of mercury 
which are obtained to coalesce to form a single globule. In one 
variation of the method, which is used in the assay of ores, the 
mercury is not weighed a#a globule, but is collected as an ajgalgam 
upon balls of metallic gold. ' The balls arc^weigh*.l,'^B arc then 
ignited to eliirinato niercfiry and re-weighed.'^ , 

There is also a method for f!he .separation of merqpry in a “ wot ” 

4 

* Sir W. Crookes, " Select Metlioda of (fticmicol Analysis ” (Longinaqg). 

•E. Q. Place, Eng, Min. J. 109 (1920).,l313.a OUier teclmical methods 
are given in th« aaino paper. ' , 
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, my. MenAric salt solutions, in presence ef dilute hydroebloi 
acid, give a black precipitate when hydrogen sulphide is pmx 
through them. Several other metals give sulphide precipitates und« 
these circumstances, but the sulphiuo of nvercury alone is ^jiidissolvei 
by hoatil.g witli dilute nitric acid; thus the other sulphide.!, i 
present, may bo 'removed. It is not, however, advisable to weigh 
mercury directly as sulphide, since the precipitate frequently co^- 
tains sulphur produced through the o.xidizing action of the mercuric 
salt- -or of nitric acid—on the hydrogen sulphide. The precipitate 
may bo rcdissolved in aqua regia, and rc-procipitated in the presence 
of excess of ])otaasium cyanide, which inevcnts the formation of 
sulphur. The sulphide may l)o dried at lOO^C. and weighed; it 
is, of course, iinpossihle to dry it by ignition. 

Mercury, when present in a salt solution free from other metals, 
may 1)0 estimatol electrolytieally as the metal. It is best to add 
nitric acid, and to deposit the metal u'Jion a dish of roughened 
platinum which is made the cathode. In this way a lu.strou8 
deposit of mercury, consisting really of minute dro])s adhering to 
the rough surface, is produced, \rt)ich‘may be washed with alcohol, 
dried in a vacuum desiccator and weighed. Owing to the volatility 
of the metal, it is impossible to dry f he dish at 100° 0. In fact, 
in the ease of a nioroury deposit s])road mit over a largo surface 
on a platinum dish, there is a danger of a loss by volatilization 
even at ordinary temperatures. Hence it is necessary, to saturate 
with mercury the air of the desiccator in which the dish is to be 
dried, by placing therein a globule of mercury on a glass pan.‘ 

A fairly rapid volumetric method of estimating mercury in a 
neutral solution dojwnds on the addition of an ammonium salt to 
the liquid followed by the addition of a known aimmnt of standard 
alkali, which should bo more than sufTicient to bring down the 
whole of the moroury as fusible white i)reeipitato. The liquid is 
filtered, and the residual alkali ostimafed by titration with acid; 
Hie‘amount of acid required gives an indication of the amount 
of alkali.used up in jweeipitating the mercury.“ 

' .Terrestrial Occurrence 

Mercur.vj^aroly found in approo^blo Ipiantities in solid igneous 
rocks, aimit^ likely,that, in mostreasos, the small amount of 
mersjiry contained in the,original molten magma his largely been 
expelled with the thermal waters' in Ihe last stages of the consoli¬ 
dation of the rocks. The waters probably oontaiWd the mercury 

‘ V. BoroUk Ekklrochem. 12 (1906), 889. 

’ A. A. Hall,CT^m. InK. 40 (1921), ASa. 
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as mercuric sulphide; this have been held in*solution by 
sodium sulphide, or* by hydrogen sulphide, in the presence of 
which mercuric sulphide is appreciably soluble.* Vs the waters 
rose, chan^fcB in the teinjiefaturi' and jnessure, or th(' removal of 
hydrogen sulphide by passage through limestone, may bi've caused 
—^in certain places—the throwing down of the mercuric Bul|ihidc, 
either in the rod crystalline form known as 

Cinnabar .... IlgS 
or the black amorphous form known as 

Alotacinnabaritc . . . Hgy 


Both of these are fcaind in nature, but crystalline cinnalKir is the 
more important of the two. Laboratory experiments would seem 
to show that red cinnabar is jiroduced by the slow deposition of 
the sulphide, the dark amorplions form being thrown down where 
the conditions allow of nVjiid iirccipitation. It is noL'Wortliy that 
bituminous substances are associated with mercury ores, and have 
probably played a considerable ])art in the jirccijiitation. Vi'ry 
frequently inenairv occurs iirthcsu’cs in th(‘ metallic stab', as well 
as in the form ol sulphide. 

Whatever bo the c.xact ciiiiditions that determine the throwing 
down of mercury sulphide from thermal waters, the formation of 
the 'ire only occurs when the waters have reached a much higlu'r 
part of the crust-than that at which the ores o* copper, lead and 
zinc are thrown down. The primary ores of mercury have licen 
dejiosited quite close to the earth’s surface. Sometimes they are 
actually produced above the surface; certain t’alifornian thermal 
springs arc dc|)ositing cinnabar at tlu' prc.scut time. ( o#HC(|Uontly, 
the ores of mercury are restricterl to areas whicb have liccn ath'ctcd 
by folding-movements of comparatively n'cent (Jertiary) times; 
if mercury ores wore produced in connection with the earlier move¬ 
ments, they have since Isatn removed by the forces of denudation." 
Three European localities, namely, Alniadcn (Spam), Idi . and 
Tuscany, produce the greater part of Uic .world s ontpu*.; there 
are also quicksilver deposits in California, Icxas, eiet Mex.co. 
The mercury minerals occur sometime.s—as in California e.ojig 
with various vein-minerals in definite lodes, which probably rcjire- 
sent the original fissures tfirouuli which the mcrcury-bcarint^'ators 
ascended. More often tbs greaten part of the neoxcitry sulphide 
is found dispensed throu^ the country rock as an imprognq^ion, 
or in cavities. In contrast w?th the ores of zinc, w;^ich are largely 


*8. B. Christy,^/tmer. J. Hci. t7 (i87»), t.'.S. aanpare G. F. Bock^r, 
V.S. Oeol. Sure. Monograph, 13 (188H). , • 

•J. W. Gregwy, Trane. Clitm. *V. 121 tl922), 789, 771. 
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confined to limestone, the mercuislores do njt appeal to 1)6 con¬ 
fined to any one kind of stratified/ock. At'Alinadcn (Spaing the 
cinnabar, with some free mercury and pyrites, occurs in quartzite 
lodes piercing sandstone and claj^slatcj in Oalifornifc, cinnabar 
occurs as»an impregnation in sandstone. On the other hand, tlje 
passage of the thermal waters through limestone often dobs appear 
to have l)oen favourable to the throwing down of the mercury. 
In Tuscany, the main deposits are found in limestone or in a clay 
which is the residual deposit of certain marly limestones; prob¬ 
ably the cinnabar has been deposited where the limestone has 
l)oen dissolved away. The Idrian dejuiaits include some veins, but 
consist largely of dolornitic limestoiu'S, anil other < ommon nwks, 
impregnated with ciniud)ar. 

Massive cinnabar--espi'eially when pc'athered has not the 
bright r(‘d colour of freshly suhlimi'd artilieial vermilnm. It is 
often a darkish brown-red snb.stance, bi(V the *'stre.ik " obtained 
when the minimal is rubbed over an unglazed porcelain surface is 
usually scarlet. Occasionally well-formed labular crystals, lie- 
longing to the rhomhohedral systiunf are found, w hilst a bright- 
red eivrthy variety is not uncommon, (.'innahar is very heavy, the 
specific gravity being about S-O. , 


Mktalm’roy .\ni) Usn.s 

The metallurgy of mercury—like that of zinc and cadmium—is 
essentially a distillation-process, but owing to the fact that mercury 
is much more easily reduced and much more volatile than zinc or 
cadmium, g. less hot furnace is needed. Moreover, previous roasting 
of the ore is not necessary ; roasting and reduction can be effected 
in one operation. When hot o.xidizing gases arc pas.sed over a 
charge containing mercury sulphide, the metal is carried off in the 
vaporous form. If any mercury oxidc'is momentarily formed, it 
dfcemposes at once into mercury and oxygen. 

On thf other hand,, the treatment of mercury ore is rendered 
less easy by the fact that the cinnabar generally occurs dis- 
senunated throughout a great volume of worthless material; 
American inoroury cros contain usually under 1 per cent, of the 
metal. ' Pur ther, the fact that mercury is appreciably volatile 
even at'ld^oicporatures renders flfiwiont condensation difficult, 
and^|ome of the earliti' funiaees allowefl at least aPfluartor of the 
mercury to escape ; this state of aff&irs was not merely wasteful, 
but extremely dangerous, ow'ing to the poisonAus character of 
» mercury. Much of the loss was occasioned by leakage through the 
walls of the distillation plailt; this loss can bo reduced in several 
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ways, partly by maintaining Ifmctinn rather than R pressure in • 
the»apparatUH, and partly byijmproving the censtruction of fur¬ 
naces and contlonscrst Further difficulties oeeur owing to the 
mercury eftndensing in 'ju' fo»Ri known as soot," consisting of 
ftpe globules which will not coalesce; this forni eorrasponds to 
the “ blue powder ” obtained in zinc-jiroduction,' The presence of 
(jprbonaceous matter in the distillate-due to tho bituminous 
suKstances in the charge—ap]«'nrs favotirable to the ))roduction 
of “ soot.” 

In America, where tlie ores are very ]S)or, ])rcliminary wet con¬ 
centration upon shaking-tables has been practised to some extent,* 
but it is by no means general. 'J'he Californian ores mined in lilKi 
and 1!(17 contained only d lW I'er <'ent. <if mercury on the average, 
although the Texas (ires,were richer- For the treatment of these 
American ores the Scott shaft furnace has |)roved most economical ; 
with this furnace, litteif with proper ((aidenhcrs, the aimaint of 
mercury lost c.an be made extremely small.' 

The furnace consists of four rectangular shafts built in a single 
block ; along the sides of rtie shafts are tixed a series of slojiing 
tiles as shown in Fig, 21. The ore to Im tnaited jmsscs down tho 
shafts, sliding down from ijno tile to the next in zigzag fashion. 
The ojionings between the tiles may vary from 3 to S in. according 
to tho coarseness of the ore to be treated. The hot gases from a 
fire-))lace common to all four shafts are mad" to jiass in a hori¬ 
zontal direction along the channels between the tiles, as indicated 
in Fig. 21, and finally leave the furnace at the top, carrying off tho 
mercury from the ore in the vaporous condition. 

The mercurial vajxiurs pass to the condensing pl»nt, usually 
consisting of a series of large brick, wooden, or cement ehainlKirs, 
which may have a capacity of 20,t)00 eii, ft. Where bricks aro 
used they should have smooth surfaces, and •.should be laiil very 
carefully so as to jirevent absorption of mercury vajsmr or reten¬ 
tion of “ soot " at the joints. Redwood is said to have , ri)¥e(l a 
better material than brick for the eonstnution ol the epnden..oi's, 
since at the temperature in question it “ sweats " out pitch, which 
forms an impermeable layer on the surface.* Air-cooling is gcieially 
relied on to keej) down the temiwrature of the walls, Init in some 
furnaces W'ater-cooling iifinstalksj, .Sometimes the final cojjjlcnsing 
chamber is of glass. • » ■ ' 

The jiortjgA of tho nicrcury which fotfdenses to liquid ^uick- 

■ W, H. Landers, Bag. -V"‘. J- 102 (lOtO). »:>«• 

* F. L. Ransoiiie, J'.S. ihol. Sur'^ M%n. Jivs. (]0I8), J, 157. 

* M. InncSt Kng. Mm. J. 105 (1918), 110. TTio funjaco is <Jt«cribH^ 

California Min. Bur. JiuU. 21 (1W)3), 218. « • 

* C. A. Heb«rlein, Trans, fimer. ^nst. Mi^. 51 (1015), 110, 



188 MfaTALS ANP METALl^C OOMPOUNDS 

silver collect^ on the floor, the surfiire of whichelopes down towards 
certain openings so that the nioreury can ho drawn off; after 
filtration through canvas, the mercury is ‘hottlccf in iron flasks. 
The “soot” collects on the sideband‘i»periodically fcraped off, 
openings igi the side wall of the condenser being provided to aHojif 
of this operation.' It is removed to a trough, mixed witli lime or 
alkali, and worked up with hoes—a treatment which causes pai|(; 
of the mercury to coalesce to the familiar liquid form. The residue 
which resists this treatment requires rodi.stillation. 

Shaft furnaces arc less suited for very fine ores than for coarse 
ores. The briquetting of fine ores and (,‘onccntratcs naturally sug- 




Fig. 21.—Soott Funiaco. 


gests itself, but diflkadty is cx}x'rionced in finding a suitable binder. 
Binders containing volatile hydroearborts arc uusintal.le as they 
I. interfere with the satisfactory condensation of the mercury. Re¬ 
tort furmiccs have beep used to .some small extent for distilling 
the richer “ fines,” but they are very wasteful of mercury. They 
are, however, still employed to some extent for the redistillation 
of the “ 8o*oty ” residue referred to above ; also for rich concen¬ 
trates obfained by wot processes, wcW as in the recovery of 
morcur^roiil the “ amalgam ” ubtamlrd in the extraction of gold 
and ^Iver by “ amalgamation.” The retorts majly,^ tubes of 
iron, 1 ft. in dijmieter, sot in a *briA furnace. The condensers 
should be cooled by water, otherwise the "loss is apt to be high. 

. la Euro])e the ores are much richer than in America ; in Spain 
the mercury-content often reaches 7 pe» cent. Rather different 
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t3rpeB of furfiace arO|UBcd, but jtlie general principle istthe same as 
in America. In Tuscany,^ th4ooarser ore is stated to be heated 
with charcoal ii! simplutank ovens, but for tho liner ores a rather 
moi'o elalxtrate furnace ■necift'd. The (V.ermak-Spirek furnace 
(^Tg. 22) has given good results in Tuscany and*in Spjin, whilst 
similar fbrnaces have long been in operation ii. Idria ; it works 
upon the same principle as the Scott furnace, hut tho shafts, insteail 
(U being tall and narrow, are low and broad. Across the furnace 
pass a series of A-shaj)ed “ ridges ” in four to eight rows, one above 
the other ; these ridges fulfil the same rok as tlu' sloping tiles in 
tho Scott furnace. The ore is charged in at the toi> and falls on 
to tho upper row of ridges, where, resling in the funnel-sha])ed 
grooves between the ridges, it forms a layer 3 -0 in. t hick. r< i iodi- 
cally ore slijis through tlie openings on to the row of ridges Isdow ; 



finally the siwnt ore falls out into boxes below, wheneeit is usually 
washed away by water. The charge during the descent, is heated 
by hot gases, which are introduced at the bottom, and iiass in 
turn along tho diamond-shaped channels bHween the different 
rows of ridges, finally leafing the furnace at tho toj) charged with 
mercury vajiour. The gases then pass into the condonsei , wdiwh 
'usually consist of vertical air-cooled t“f"‘ii of cast-iron,or stone¬ 
ware. The former material conducts best, but is apt 1 .1 lie at teck^ 
by the sulphurous gases ; it is sometimes lined with eoi '.rete. 
After passing through tho pipe-condenser, th« gases are generally 
taken through a chamliA- condenser ficfore being dischar^. 

Rotary furnaces— similm To th(«o in use at cement works-have 
been used ip/ltaly, and‘also in^the Uyit«l States. 

Uses of Mercury. .In many ways quicksilver is a unique 
substanceit fs the heaviest liquid known, and-it expands mOTO 

‘X RoyfSoc. ^rtn, 68 JjlMO), 700. 
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when heated than any other liquid! It is theionly mkal which is 
liquid at ordinary temperatures, ^nd is a good solvent for most 
other metals, a property which is used—as we halve seen—in the 
“ amalgamation processes ” of«“Xtfa<'ting gold anehsilver, and 
also in the electrolytic preparation of alkali. . , 

The groat wcijfht of mercury makes it convenient for employ¬ 
ment in the barometer and in pressure-gauges. The weight of ^ 
column of mercury of a quite manageatde length (about 30 in.) 
is sufficient to balance the pre.ssure of the atmosphere, and thus 
to give a measure of the latter. If water were employed in a 
barometer, the tube would require to lie 13J times as high; the 
height needed would thus be about 3-t ft. The high density of 
mercury is also made use of in the, Sprengel pump, which serves 
to evacuate a vessel by carrying out tluv,air between small drops 
of falling meremy. 

The considerable expansion of mereiiry'with changes of tempera¬ 
ture is the reason for the employment of merem-y in the thermo¬ 
meter, and in thermostats. Since a given rise of temperature 
causes a greater relative expamsMii ir. mercury than in any other 
liquid, it is clear that a thcrmoiiKiter tube filled with mercury 
will be more sensitive than a similar luie filled with anotluT liquid. 
It is, of coiuse, well known that glycerine thermometers have either 
larger bulbs or stems with narrower bores than.mercury ther- 
mometei’s of equal sensitivene.ss. 'I'he commonly employed scales 
of temperature are (kfined in such a way that a ri.se of one degree 
in any part of tiie scale re])re.scnts an equal increase of volume of 
mercury. Other Ikpiids do not necessarily expand to an equal 
extent in different parts of the “ mereury ” scale; for instance, 
water ox])ands much more when heated from 18“ 0. to 19" C. than 
when heated from 4“0. to 5“ : it actually roiilmels if hcjvted 

from 3"C. to 4'C.' It happens, howeser, that the “mercury” 
scale of temperature accords well with'the so-called “absolute” 
op'f'thermo-dynamie ” scale of temperature, whieli is independent 
of the properties of apy one substance. Thus mercury may be 
reganled as a liquid which—in the strictest sense—“expands 
uniformly with rise of tomjxiraturo.” 

Among'the minoruises of mercury may be mentioned its employ¬ 
ment i!i.elcctrical contact-breakers,! keys* and so on. The end of 
an amalgamated wiro,^if dipped inW mercury makes an almost 
perfect electrical contact with it, without any skrpwing up of 
terminals. A “ mercury contact ” cjirries none of the uncertainty 
that is felt in the case of contacts made by pressing two solid 
• metals together, an uncertainty due to the possibility of an oxide- 
film upon the metals ;^,thtreforc mercury contacts arc always 
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used in “ ciJnductiv^y cells," Jmd in other instancei# where it is 
iippyrtant to have a contact negligible resistance. 

Use of Amatgams.* A greaj deal of juerenry is used by den¬ 
tists in coiftpounding th<» anial^ania ein])loyed in stopping teeth. 
Ap Wnal^am suitable to this purpose must be iilnstic wlwn freshly 
])repnred, but must “ set ” to a hard mass witbm a few hours of 
t||e time of the " filling " of the tooth. Amalgams of (' 0 |)j>er, 
palladium and cadmium have all been employed, but of these 
copper amalgam, at least, is no longer used, as it tends to blacken. 
An amalgam containing both tin and silver is regarded as being 
the l)cst for gcmeral ])urj)ose.s,' The alloys of tin and silver con¬ 
tain the intcrmetallic compound Ag,,Sn. Wlicn the iiowdered 
alloy is mi.xed with mercury, a mass is obtaincil which is plastic 
at first, but which sets Ui a hard mass as the mercury displaces 
tin from combination witli the silver 

Ag,Sn I 4Hg -AgaHg, -f Sn. 

It has been shown that the filings of tin-silver alloy u.sed by 
dentists undiu-go a change \^licn^stored, the powci' of taking uj) 
mercury being > .msidcrably retarded. 1’his change, which is 
known as “ ageing,” is attributed to a polymorphic transformation 
in the. intcrmetallic com])ound Ag,,Sn. It does not (xicm- in pure 
tin or jturc silver.- 

Tin amalgam was at one time employed largely for coating 
glass in the. manufacture of mirrors, but the sihering of glass has 
non' practically displaced the old amalgam jawess, winch involved 
considerable risks of meri'iiry-poisoning to those engaged in it. 

Technically Important Compounds. Of the iner«ury salts, 
the two chlorides are em|)h>yed in medicine, while mereiirie chloride 
(corronim xtiblimnUi) i.s also used in surgery as an antiseptic, and 
in the hide-industries for jmrposes of sterilizirtion, Jt is one of 
the most efUcient killers of aritlira.\-spores, wbieh are very liable 
to be pre.sent in lude.s and which are a source of considerabl liangar 
to tanners. Men lu-ous chloride {calomtl^ if pure is a safe giedicine 
on account of its very low solubility ; a sivtiirated solution of the 
substance contains only -(NKtl [kt cent, of mercury; so, c- en if 
an overdose bo taken internally, a greater eoncentratkm of the 
poisonous metal is not jftoduaed. Abnormal cases of jMiij pn ing 
with calomel have usuallv •been attributed to ^he jiresdnco of 
soluble mercuri* salt in thf sample, owi^g Jfi careless iireparat^n. 

Mercuric chloride is jirSpaAid commercially.from metallic 
mercury througl) the sulphate. By dissolving mercury in excess 

* T. M. Lowry and S. Wilding, J. Soc. Ckem. 39 (1920), llOr. * 

* J. W. HcB^fn and W. Aw Knight, Uenlaj C^mon, 57 (1916), C30. 
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of hot concfintrated sulphuric acj^ a crystalline cruA containing 
both mercuric and mercurous sujphatea-mainly the formej—is 
obtained; when these sulphates arc dried #.nd heated with sodium 
chloride, tlu^ corresponding ehWg-ides,; wliich are wdatile, are 
evolved, ;ind nlay bo condensed by suitable means. Since jt is 
desired to prepare mercuric chloride quite free from calamel, it'is 
bc.st to mix a little manganese dioxide with the mixture before the 
sublimation is curried out. 

Mercurous chloride ((uilomel) can also be i)repared from mer¬ 
cury by first converting the metal to the sulphate. If excess of 
mercury is treated with sulphuric acid, the main product’ is mer¬ 
curous sulphate. When this salt is heated with sodium chloride, 
mercurous chloride sublimes. Hut, in this case, in order to ovoid 
the presence of mercuric chloride', a little mercury should bo mixed 
with the charge before ilistillation. I'mthermorc, the calomel 
should be washed thoroughly with water before being packed, so 
as to ensure that the poisonous mercuric chloride is completely 
removed. An alternative method of preparing calomel is to heat 
morcmic chloride! with mercury, . 

Another technically important compound is the pigment, ver¬ 
milion, which is merely mercuric sulphide prepared under such 
conditions as yield the brightest red colour. Mercury and sulphur 
are mixed together in a revolving (hum yielding a dark powder 
consisting probably of tiny globules of mercury jirevcnted from 
coalescing by a film of sulphur. This powder is then heated in 
special earthenware retorts. At about 150“ C., the m(!rcury and 
sulphur combine ; and at a rather higher temperature, the mer¬ 
curic sulpjjide begins to volatilize, a scarlet sublimate being obtained, 
which is afterwards ground, washed, and dried. Very careful 
attention to details is needed in order to obtain the finest vermilion. 

Wet processes ean also bo used. If mercury is digested with 
sodium polysulphide at 40-,")0“ C, for some hours, mercuric sulphide 
is Sormed, which is at first brown, but finally becomes red. When 
the desired colour is obtained, the jugnient is separated from the 
liquid, which ean then bo boiled with sulphur to regenerate poly- 
sulphides and used to convert a fresh quantity of mercury to 
vcrmiluJii, In thy wet process, as in the dry pnxiess, careful 
atteirtioh must be paid to the time, temperature, and otherfactors. 

Vermilion is, highly valueeLas ft-pigment; it possesses a fine 
colour, but tends to 'blacken when oxfiosed to ligjit. 

An important use of vermillon-^as well as for'the oxide and 
icMido of merettfy—is in the manufacture of antj-fouling prepara- 
tjinns for ships’ bottoms : this depends on the poisonous action of 
mercury compounds up(>n tlic forms of Ijfe responsible for “ fouling.” 
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Like those of many metals wBieh exist in more than one state 
of oxidation, corapoiftids of m'l-oury can function as catalysts in 
certain oxidation processes. Fjr instance, in the oxidation of 
naphthalenS to j)l)thallic nciil, bj' means of sulphiuic acid, mercury 
csip "bo used as an oxygen-cairier; the conversion of naphthalene 
to phthaflic acid is the fimt step in the production of artificial 
Vqfligo. 

A very large amount of mercury was required during the war for 
the manuf.acture of the highly unstable “ mercury fulminate,” 
which was used largely as a detonator. In the usual j)roce8s of 
manufacture a <s)oled sfJution of iiKTCurie nitrate containing 
nitric acid is poured into i)4 per cent, alcohol at After 

20 minutes, crystals begin to separate, and the mixtine is ])oured 
into water. The fine cryf*talline jnecipitate of fulminate is washed 
by deeantation, sifted through a net to separate barge crystals and 
again washed free from acid. Owing to its dangerously explosive 
properties, fulmin.ato is always stored below water, and before it 
is dried for use, it is again washed, and tested for acidity; it is 
dried at G3“ the temperafiire being regulated with great care. 

The peeuliar value of fulminate lies in the fact that it decom¬ 
poses explosively oti im])aet o* when heattsl. Although not actually 
used as an explosive, a small j>ercu.ssion caj) of fulminate is used 
in f artridges oi> shell. When a rifle is fired, tho impact of the 
striker U])on l.he percussion cap causes the explosion of the ful¬ 
minate, which in turn causes tin? explosion of the explo.sive proper. 
Coarse fulniinate is ni(jre sensitive to niip.e t (ban line powder, 
and hence more dangerous to handle 

• 

* < 1 . ^ ./. S'/r. Chtin I ml 37 (1918), 143 t . 
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Atomic 

Normal Electrode 


Weight. 

Potential (Hydrogen Scale). 

Gallium . 

. 70-1 

— 0-.5:i volts (approx.) 

Indium 

. 114-8 

--0-38 ., 

Thallium . 

. 204-0 

-0-34 „ 


The metals of tho group IIIb are all comparatively rare and 
unimportant olementH, and a brief dosc|;iption will sullic',. • They 
are soft metals characterized by low melting-points, but compara¬ 
tively high boiling-points. They have ‘a certain general relation 
to the members of the previous group, but form compounds in 
which the metal is trivalent, and which closely resemble the corre¬ 
sponding derivatives of aluminium. ' 'There is also a tendency to 
form lower salts, which is best developed in thallium, the last 
member of tho group. 
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GALLIUM 

Atomic weight . . . 70-1 

The Metal * 

Gallium is a bluish-white metal, about 5-9 times as heavy as 
water ; when juire, it is soft (tnough to bo cut with a knife. The 
chief physical jieculiarity is the unusually low melting-point; 
gallium fuses when heated above 29-8”C., and so great is the 
tendeiu y to supercooling—that the liquid metal may be cooled 
to ordinary temperatures and preserved for an iiulefinite period 
without solidifying. But the licpiid is me,ta.stablo, and, if a nucleus 
of solid gallium be introduced into it, the whole crystallizes out. 
Liquid gallium possesses a high smdace tension, only a little lower 
than that of mercury; consequently gallium shows the same dis¬ 
position to gather into spherical globules as do(« mercury. 

Gallium, like water, but unlike many metals. exj)ands on freezing ; 
the density of liqui<l gallium (0-0947) e.xceeds that of solid gallium 
(6-9037). The^oiling-point of gallium is high, far above 1,(KK)“ 

The electrode ])otential of gallium towards a normal solution 
has been shown recently to be — 0-2o volts on the absolute scale, 
which is equal to - -0-53 volts on tlu^ hydrogen .scab:. Henc(( 
gallium lies slightly on the “ nnbh) ” side of zin<- in the I’otential 
Series. The metal dissolves in hydrochloric acid or sin sodium 
hydroxide with evolution of hydrogen. It is stated that solid 
gallium is more readily attacked by hydrochloric acid than the 
liquid metal, a cbfforence which will be easily •understood in view 
of the increased likelihood of the existene*' of cori'osion ouples 
on the solid surface. With cold dilute nitric- ncirl then! is llU^o 
action upon the solid metal, which becomes I'assive. 'J’hc b-ndeircy 
of gallium to become passive is noticeable in other cases. V luyi 
pure gallium is placed in a .solution of copper sulphate there is 
practically no deposition of metallic copjuT; ifdhe metal is placed 
in a solution of copper* chloride, the replacement comm-ances 
slowly, but becomes more rapid as«it proceeds. iSallium oxidizes 
only superficia}!^ when exposed to the air; fhe oxide film prodi’''ed 
is of a protective character. 

»T. W. Eiohards and S. Boyer, J. Amer. Cftcm. Soo. 41 (1919), 133; ^3 
(1921), 274. , . 

* P. E. Browaing and H. S. Cbler, 4^*'^ (1916), 363. 
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Laboratory Preparation. Oifikum can 1x3 obtained from its 
salts by electrolysis of an aqueoiw solution'made alkaline with 
caustic potash *; bright globules (jf gallium'aj)pear on the cathode 
and drop off as.they grow larger. * If desired, elcctroljfsis can be 
conducted* in weakly acid solution,^ but thi.s is a somewhat legs 
suitable condition ; a rather high current density is needed, since 
otherwise the only product at the cathode is hydrogen. If ele%. 
trolysis in a nearly neutral bath is attempted, the deposit of gallium 
is liable to contain basic salts, and will bo spongy .and incoherent. 
As cathode material for use in the (h^position of gallium, ])latinum, 
or iron'—metals which only slowly alloy with gallium— should bo 
employed. .Silver, for instance, is unsuited as a cathode material, 
since it alloys readily with gallium. 

The r(!covery of gallium from the residites left in the zinc’retorts 
after distillation is dealt with in connection with the extraction of 
indium, thallium, and germanium (page JlKi). 

Comnounits 

The stable salts coiTcsjx.nd to the oxide Oa/),, and contain 
trivalent gallium. They closely rcs»mble the aluiuiiiium com¬ 
pounds. The chloride (la(!l,, is obtaiiicsl in the hydrated con¬ 
dition by dissolving the metal in hydrochloric aci(i or acpia regia. 
The anhydrous chloride can be prepared by heating tins metal in 
chlorine; like so many aidiydroiis chlorides, it is deli.jucscent. 
The chloride melts at 7')’ C., and boils at 21.') '220 ' C. ; the vapour 
density corresponds to the simi)le formula (JaC'l., at high tempera¬ 
tures, but'just above the boiling-]ioint there is evidence of the 
oxistenco of GiijClo molecules. The volatility of gallium chloride 
gives a convenient method of obtiiining it in a state of high purity. 
It may bo distilled, llrst in a current of chlorine, then in nitrogen, 
and tinally iti micuo} Having obtained the chloride in a state 
ot purity, other pure gallium compounds can be made from it. 

Trom'the chlorido tlic '' hydroxide ” is obtained by precipita¬ 
tion with ammonia in the presence of ammonium chloride. This 
body is,.a gelatinous precipitate, very similar to aluminium 
hydroxide. It giv'es the white oxide, GujOj, on ignition, and, 
like'««l)}minium hydroxide, dissolved in iilkalis to form “ gallates,” 
V • 

C. Fogg and C. Jilmqs, J. dmer. Chem. Soc, 41 (h)19), 949; L. M. 
Bennia and J. A. Bridgman, J. Aihtr. Vhem, Hoc. 40 (1918), 1540. 

* Comptvre T. tV. Kicliards and S. ,Boyor, J., A))»€r. Clicm. Soc. 43 (1921). 
279. • 1 . 

a' T. W. Kicliards, W. M. Craig, and J. Samoshima, J. Amer. Chem. Hoc. 
41 (1919), 131. Connmro'C. MsBennis and J. A. Bridgman, J. Atner. Chc.u. 
Soc. 40 (1918), 1540. 
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as well as in acid?, to form galiium salts. Unlike tlfe aluminium 
compound, it is faiily soluble^in excess of ammonia. 

The gallium salts closely resemble those of aluminium. The 
soluble saHs are colourless crj<?talline bodies, readily hydrolysing 
in solution. For instance, gallium sulphate, Uaj(SQ,) 3 , is ob¬ 
tained b5r dissolving the hydroxide in dilute sulphuric acid, but the 
^solution, on boiling, gives a white precipitate of a basic sulphate. 
Gallium sulphate combines with ammonium sulphate, to form a true 
gallium alum, Ga,{S0,)3.(NH,)jS0..24H,0, isomorphous with 
all the other alums, and crystallizing in cube-oetahedra. Like 
aluminium, gallium may be. precipitated from its solutions by the 
addition of the carbonate, jihosphate and oxalate of ammonium ; 
the insoluble compounds of gallium produced are white preciiiitates 
reseluming the analogous compounds of aluminium. lJut gallium 
differs from aluminium and re.sembles zinc, in giving a white pre¬ 
cipitate of the sulphide alien ammonium sulphide is added, even 
in the presence of acetic acid; moreover, it is precipitated by 
potassium ferrocyanidc. 

The tendency to form lou.'r siJts is exhiliited by the formation 
of a dichlorlde when gallium and the trichloride are heated to¬ 
gether. 'I'liis is a white substance, stalile enough to bo volatilized 
without apparent decompo.sition ; the vapour densit.y corresponds 
to the forraidiyGaClj. 


Analytical 

Traces of gallium are often detected by means of the spark- 
spectrum, which shows two lines in the violet region. The pre¬ 
cipitate thrown down when potassium ferrocyanidc is added to a 
gallium solution containing hydrochloric acid forms a sensitive 
wet test for the metal. The gallium is usually iirecipitated as 
hydroxide, and, after ignition, weighed as oxide. 

Details of methods of separation from the associated clemiitl.s 
must be sought elsewhere.i The common method of i.enaration 
from zinc depends on the fact that, if a solution of the chlorides 
containing hydrochloric acid in excess is made ammoniaeal. and 
then boiled to expel ammonia until it once naorc reddens litmus, 
gallium hydroxide remaiBs precipitated, whilst the zinc is found 
in the solution. The separation from thallium—pfeviously reduced 
to the lowest,_st9,te of oxidHtion—is somewhat similar. The separa¬ 
tion from indium depends on th^ fact that indium, is precipitated 
by excess of bijiling poliash, whilst gallium remains in solution.' 

• Full particulars in Sir VV. Crookes’ “ Selfct Mathods of Chemical AnaTy- • 
Its ” (Longmans^ • 
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Most of thdie separation procesi^s* are incoipplete, Hod usually 
double precipitation is needed. T[le separation from alumiiyum 
and chromium depends on the precipitatif*i of gsfllium by ferro- 
cyanide in presence of acid; the ffitration of gallium ffrrocyanide 
presents djfflordtles unless special precautions are observed.' The 
separation from cadmium depends on the fact that, unddr correct 
conditions of acidity, nearly all the cadmium is precipitated by 
hydrogen sulphide, but little or no gallium. In this latter cas** 
however, each fraction must be treated a second time before the 
separation is even approximately quantitative. 

Various alternative inetho<ls have been projjosed. For instance, 
the separation of moderate quantities of zinc from gallium in a 
neiitral or weakly acid solution ean be effected by boiling for a 
few minutes with ammonium bisulphite - This reagent ..p»..?'ipi- 
tates all the gallium as a sulphite which forms a granular ])recipitate, 
and filters much more, readily than the gelatinous hyeb-oxide ; zinc 
remains in solution. 


llistdrical 

Gallium—lil<(^ scandium and germanium- is of special interest 
to the chemical historian- in (hat the properties of the element 
were foretold before it was actually discovered. 

When the periodic table was worked out in 18()!t-1871, certain 
places in the tabk^ were left unfilled ; Mendeleeff ventured to offer 
an opinion, that these places corresponded to elements which 
actually existed, but which had hitherto not beini thscovered. He 
even went .as far as to predict the propert ies of the three missing 
metals; these properties he inferred from those of the known 
elements which fall near the “ gaps ” in the table. In each of the 
three cases, the luizsing metal has since la-en discovered, and, in 
every instance, Mendeleeff’s predictions have been found to be 
substantially accurate. Gallium was actually discovered in 1876 
by Lecojq de Boiabaudrai\ in a French zinc-ore (hence the name 
“gallium 

' Details'given by L. E. Porter and P. E. Browning, .7. Amir. Chem. Soc, 
43 (1921). 111. ' 

“ Porter and P. E. Browning, J.. dmrrf O/urn. Soc. 41 (1919), 1491. 
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INDIUM 

Atomic weiglit . , . 114'8 • 


The Metal 

Indium is a whitish metal, considerably softer and more malleablo 
than gallium ; it is somewhat softer than lead. It is also heavier 
than gallium, and melts at a higher temperature (IbS” C.), although 
still among the more fusible of metals. It is often stated to crystal¬ 
lize •" the cubic system, but X-ray analysis shows that the atoms 
are probably arranged bn a face-centred tetragonal space-lattice, 
although the dimensions of the lattic* are such that it comes very 
near to being a facc-centn^l eubi(^ lattifH'.^ 

Indium is distinctly more “ noble ” than gallium, but dissolves 
in dilute acids, evolving hydrogen. It is less readily oxidized 
than gallium, and keeps bright when (!X])osed to the air. 

Laboratory Preparation.- 'I'he metal can be obtained by the 
electrolysis of a solution of'the sulphate containing free sidphurio 
acid, but contauiing also ammonium sulphate which serves to reduce 
the acidity. The electrolysis can be condindcd from a solution of 
an acidity which would prevent almost entirely the deposition of 
the more reactive metal gallium.^ 

• 

Compounds 

Indium forms salts corresponding to and resembling the gallium 
salts ; they are mostly colourless compoundji obtainable by the 
action of the acids on the metal or the oxide. The anhydrous 
chloride, InCU, which, like gallium chloride, is highly dcli^i.esceft, 
is prepared by the action of chlorine on,tlie metal. From solutions 
of the chloride, ammonia precipitates the “ hydroxide,’ a 'vhito 
heavy gelatinous mass, which gives the anhydrous oxide, liij©,, 
on ignition. This body is yellow when cold ^d brown-when hot, 
a property recalling the*oxide of cadmium, the metal which falls 
alongside of indium in the Perio4ic Table. In^um hyd’'ox*de is 
soluble in acids; it is *U6ually describe.T as being insoluble in 

t ' 

> A. W. Hull, P%«. to: 17 (192.’). 587. 

* A. Thief, Zehsch. Anorg. Ch^m. 40 (1904), 280. * 

• Compare T. W. Richard and S, Boyer, J. Amer, Chvm, 8oc, 43 (1921), * 

278. ■ * 
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ammonia oi*in caviatic alkali, although the hy(^oxido, tfhon freshly 
precipitated, seemed to be dissolved|reoly by mntentraied ammopia.' 

Indium salt solutions hydrolyse very readily. ‘The sulphate, 
obtained on dissolving the oxidAin sulphuric acid, deposits an 
insoluble white basic salt on heating. Another highly insoluble 
basic salt is the basic sulphite, which is produced when ifti indium 
solution containing sodium bisulphite is boiled. As few other metalg 
are precipitated under the same conditions, the basic sulphite 
can be obtained pure, and used as the material for the prepara¬ 
tion of other indium compounds. The sulphide of indium is a 
yellow precipitate insoluble in dilute acids ; it may therefore bo 
obtained by passing hydrogen sulphide through a weakly acidified 
solution of an indium salt. The other insoluble salts of indium 
are in most ca.se8 white bodies, obtained by jirocipitation, * 

The jiower of forming lower chlorides is well developed in indium. 
Besides the trichloride (InCl,) described above, obtained by the 
action of chlorine on the metal, two others are known. The 
dichloride, InCl.^, is formed when hydrogen chloride is pa.ssed 
over hot indium, and the monofhloiiide, In('l, when the vapour 
of the dichloridc is itself passed over the heated metal. All three 
chlorides are volatile and in all cases the vapour densities are 
found, at high temperatures, to correspond to simple formul®, 
InCl, InCU, InCU. 


Analytical 

When indium compounds (moistened, if necessary, with hydi’o- 
chloric acid) are introduced into a flame, the spectrum produced 
consists of A brilliant indigo-blue lino and a less intense, violet one ; 
the blue colour imparted to the flame is very characteristic. 

Various methods for the separation and estimation of indium 
have been propofsed ; one depends on the^formation of the insoluble 
basic sulphite. Upon ignition the basic sulphite gives the oxide, 
in'tWiich form indium can bo weighed. The separation from 
gallium has already been discussed. 

{The precipitation of indium as hydroxide is not wholly satis¬ 
factory, sipce indium hydroxide is appreciably soluble in excess 
of ammonia. Indii/m is, however, throjvn down completely as 
hydroxide if dimothylamino is used as precipitant.^ 

4 A. Tliiel and H. Koolsch, Zeitach. A^rg. Chem. 66 (1^10), 301. 

“Compare C. ^nz, Ber. 34 (1901^ 2*63. 
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THA;t.LlUM 

Atomic woigiit . . . 204'-() 

The Metal 

Thallium, the remaining metal of Group llln, is a soft, heavy 
metal (spe(!ific gravity H'S) resembling lead in gem-ral appear¬ 
ance ; like that metal, thallium leaves a mark wheTi drawn over 
paper. It molts at 302" C., a temperaturi' eoiisideralily higher 
than the melting-point of indium, and a little below that of lea<l, 
Alth'j^igh the boiling-jioint is high, the vapour density has been 
dctermiiuVl and corres})o.ids to the diatomic molecule, TIj. 

The normal electrode jwtential of thallium' in a thallous salt 
solution is about —0-1)2 volt on the calomel scale, which is (spial 
to — 0-34 volt on the hydrogen scale. This x-iilue indicates that 
thallium stands close to cadmium in the i)oteMtial series. As would 
be expected, thallium can evolve liydrogen «hen ])laeed in dilute 
sulphuric acid, dissolving to form the soluble sid|)hate. Dissolution 
in hydrochloric acid, however, is hindered by the insolubility of 
the chloride formed, which no doubt forms a semi-protective lilni 
over the surface of the thallium. 'Thallium dissolves readily in 
nitric acid. Owing to the solubility of the hydroxide, thallium is 
slowly attacked by pure water in the ])i esence of air, and at 100" G. 
it even decomposes air-free water with the evolution of hydrogen. 
When thallium is made the .-mode fn an i-lectrolytic cell containing 
either dilute sulphuric acid or an alkali, the metal (lasses into 
solution as monovalent (thallous) ions quite readily, so long as the 
current density does not exceed a certain limiting value, which 
depends on the rate of stirring, as well as on the character of tho 
electrolyte.^ If the L.M.F.* applied to the cell is increased 1 '-.yond 
this point, partial passivity sets in, although the thallium conljnh^s 
to pass into solution to some extent, apparently in a bigh-r state 
of oxidation. Under strong anodic |)olarization, oxygon isevejvofk 
and often ozone. Tho passivity observed is due to the formation 
of sparingly soluble sulphate or hydroxide, whicH can often, be seen 
on the anode. The phenomenon of “ pulsation ” (alternate imtitity 

* Q. N. Lewis a«d C. L. voA Endc, J. Amer. CItrm. S}C. 32 (1910), 732. 
Compare F. J. Crisloe, Trans. Faro^y^oc. 4 (i*90S), 102,who gives a ratHer 
similar value {— 0-319 volt, on hydrogen scale). '1'. W. Rhtljards and 0. P. 
Smyth, J. Amer. Chem. Hoc. 44 (1922), SSO, give — 0-6192 volt on tho calomel * 

scale. • ' 

■ W. J. Muller, Zcitsch. Phys. Chem. 69 (1909).* 400; E. P. Schoch a^d 
C. P. Randolph, J. Phys. Ch^ 14 (1910), ^23, criticize Muller's views. 
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aad paBsivify) is often met with upon a polajized thfBlium anode. 

Thallium is generally stated bo fairly resistant to\j;ards 
atinospherie corrosion ; the bright lustre vf the freshly-cut metal 
is rapidly lost, owing to the formalion of the grey or gi^enish-black 
oxide lay^, but? it is generally stated that this action is confine^ to 
the surface. Rctcnt work,* however, appears to show* that the 
dendritic form of thallium can be converted entirely to oxide by the 
combined action of air and moisture; the oxidation therefore is 
not conlinod entirely to the surface. 

Laboratory Preparation. Starting from the sulphate, which is 
the salt of thallium that is most easily obtained in a state of purity, 
metallic thallium can bo thrown down as a tree by the action of 
zinc, It should be washed quickly without undue exposure to the 
air, otherwise it will bo largely washed awtsy as the .solulilo l'*/<lfoxido. 
Alternatively, the metal may be obtained by the electrolysis of a 
solution of thallium sulphate containing free acid. 

Compounds 

In the case of gallium and imWun, ffiie majority of the compounds 
were those in which the metal was trivalent; lower chlorides 
certainly existed, but there wore no otjier stable salts corresponding 
to them. Thallium, however, has a conipleto seric's of lower or 
“ thallous ” salts, which are more stable than the lijgher “ thallic ” 
compounds. The relationship of gallium, indium and thallhun is 
thus a repetition of that existing between members of the previous 
group, where monovalent salts, absent in zinc, and unstable in 
cadmium, were seen to bo welf developed in the case of the last 
member, fucrcury. 

The thallic compounds, in which the metal is trivalent, arc 
analogous, and on the whole similar, to the salts of indium, gallium, 
and alluminium; they have certain points of resemblance to the 
salts of lead and mercury, metals which fall on either side of 
thifllium in the periodic table. On the other hand, the thallous 
corapoimds may be orajxircd to the corresponding compounds of 
various monovalent metals; they arc in some respects akin to 
the mercurous compounds, but are more allied to the compounds 
of silver, and have much in common oven with the derivatives of 
themlkali metals. * 

\ • 

A. Compounds of 'Monovalent Thallium ('Ehallous Com¬ 
pounds). ‘ • 

The thallous,compoimds may'be regaiHed as bc)ng derived from 
tkallous oxide (TljO), a grey body which is formed superficially 
> A. KCUikeV, Cftcm. Zeik 43 (1919), ZJl. 
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upon thalliurfl metal |iy exposure the air. The (Jxlde h, however, 
more, easily produced* by heati^ the hydroxide. 

Thallous hy(5roxidc, TlOH, ^unlike the hydroxides of nearly 
all the othAi heavy metals, is*a readily soluble body, and tlie 
solution has a distinctly alkaline reaction to turmeric p(ij)er. For 
this reason it cannot conveniently be prepared by ju'eeipitation of 
aathallous salt solution with alkaline hydroxides ; btit by acting 
on thallous sulphate with barium hydroxide, a prcei])itato of 
insoluble baritim sulphate is j)rodueed, and thallous hydroxide is 
obtained on evaporating tlio filtrate. It crystallizes in yellow 
needles, having the com])osition TIOH.H,!). it is also ju'oducs'd 
when water acts on the metal in the presence of air. I’hi! solubility 
of th^hydroxide constitutes a link between thallium and the alkali 
metals. ‘ 

The soluble salts of thallium are white cry.stallim^ solids obtained 
by dissolving tlu! metal or*its hy<lro.\id(^ in the corresponding acid. 
The sulphate, Tl.j8()„ is, lilo^ the sulphates of silver and mono¬ 
valent mercury, only moderately sohdilo in water. The chloride, 
bromide and iodide are ail, lik^ Ihe corresponding silver and 
mercurous bodies, curdy precipitates, obtained by the action of 
the sodium salts on thalhgis sulphate. The chloride is white, 
daikening in the light.,' the hromide ])ah^ yellow, and the iodide a 
deej>cr yellow, go the analogy between thallium and silver is very 
close. Thallous chloride volatilizes at a high temperature, tho 
vapour density corresponding to the formula TRII. 

The carbonate, TljCO,,, unlike that of other heavy metals, 
is soluble, and gives an alkaline rt'action ; in this resjiect, again, 
thallium resembles the alkali metals. On tho other* hand tho 
normal phosphate, Tl^POj, is insolulrle, and is produced as a white 
precipitate on mixing a thallous solution with potassium phos])hate ; 
the acid phosphates, however, arc solubhc ‘ 

The sulphide, like silvef sidphide, is a. black precipitate but it 
can only be thrown down in neutral and alk,aline solutions, at 
is decomposed by dilute acids ; it is prepared by the a.ldjtion of 
ammonium sulphide to a solution of a thallous salt. " ^ 

B. Compounds of Triv^ent Thallium (Thafllic Comtiounds). 

The tballic compounds may bo j-egarded as ^rived from the 
black oxide, TIjOj, whiclf nan be formed By tho action of oxyfjpn 
on molten thallium. The oxiOc iS also produced as^a dark deposit 
when a thallium rod is hade tte anode to a 80 ^ution of dilute* 

' The conditions of darkening have ijoen studied by C. Renz, ffdv. ChBn. ' 
Ada, 2 (1919), W4; 4 (1921)f 950. ^ 
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sulphuric acid. In this respect *ho anodic Ijehavioifr of thallium 
resembles that of load. f ' • 

The “ hydroxide ” is obtained^as usuuL by tho'action of sodium 
hydroxide on the chloride. It cah be prepared convifiiently from 
thallous mdphale by the oxidizing action of potassium ferricyanido 
in an alkaline s'olution; when dried in vacuo it loses'its water, 
and the anhydrous TljOj is obtained.* It is noteworthy that tfeji 
oxyg(m content of the product obtained by means of potassium 
ferricyanido is always slightly below the theoretical value. 

The chloride, TICI 3 , referred to above in the preparation of the 
hydroxide, is best prepared by the action of chlorine on thallous 
chloride in the presence of water. It forms colourle.s 3 deliquescent 
crystals. The sulphate, TljfSO,),, is formed in solution by the 
dissolution of the hydroxide in .sulpburip acid; but it k^ffflTicult 
to isolate in the, solid state since the solution readily hydrolyses, 
precipitating biusic salts.'* It can be firepanal in solution from 
thallous sulphate, (which is conveniently obtained in a state of 
purity) by electrolytic oxidation in a divided cell, a platinum anode 
being employed. 'I'he thallou.s»sid[iliate solution should contain 
free sulphuric acid, since otherwise thallic hydroxide separates at 
the anode.* , 

0. Intermediate Compounds. 

Many chlorides, intermediate in composition between the 
thallous and thallic bodies, have been described. One of these, 
which is formed by the direct action of chlorine on the metal, has 
a composition e.xpressed most simply by the formula TljCl,. It is 
usually re|reseirted TICI 3 . 3 TICI, but may conceivably bo a complex 
salt such as Tl 3 [TlCl J, containing thallium in both cation and anion. 
Other iirtermediato chlorides have been described, but these are 
probably solid soluttons.'* There appears in fact to bo a continuous 
series of mixed crystals, varying between TIClj.a-TlCl (where a;<^3) 
a*'.4 TICI 3 . 3 TICI; the salt refernal to above is thus the end-member 
of the sprics. These ipixwl crystals, which can be expressed by the 
general fofmula TlClj.nTlCl, have a yellow colour. 

An oxide,® TIO, has been described; it is an intermediate 
product ^n the oxidation of thallous oxide to thallic oxide by 
hydrogen peroxide. The oxide is unstaHle and can only be isolated 

under Special coj'ditions. When a concentrated thallous sulphate 
• • • • 

♦a. J. Berry, private confcnunication.« • 

* For details see R. J. Moyer and E. Goldschmidt, Ber. 36 (1903), 239. 

• * Q. Orube and A. Hennann, Zeit^. Elektrochem. 26 (1920), 292. 

* R. J. Moyer, Zeitach. Anorg. Ckem, 24 (1900), 330, 350.' Compare V. 
Thomas, Comptea Rend. tt\2 (1901), 1487. 

“O. Itftbo, Zeitach. Anon. Cnem. SJ (1908), 23, 
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solution, ma(fe strongly alkaline »ith a great oxo^s of lo per cent, 
potash, is filtered ancf treated ^^ith 3 per cent, hydrogen jieroxide 
at a low temperature (•- 16° C.) a red silky precipitate is formed, 
which changes at once to a blucJblack shimmering body ; this can 
be^fUtered off, washeil with cooled aleoliol and efher, and dried 
in vacuo. *On treatment with water, it gives brolvn thallic! oxide, 
t;(jg(^ther with tliallous liydroxide, wtiieh passes into solution. 

Analytical 

Thallium compotmds impart a gi-een colour to a Bunsen flame; 
like indium, thallium has a sim))le flame speetium, consisting of 
a single green lino. 

V'arious methods have been jn'oposed for sepaiafing thallium 
front*,.tify metals. On the a(idition of jiotassium iodide to a 
solution containing the metal jireviously rediua'd to the tliallous 
condition, the whole of thi» thallium is jireeijiitated as the in.soluble 
iodide, while most other metals arc left in solution. Bead, silver 
and mereury, however, which would also give insoluble iodides 
under these conditions, must, if present, be separated beforehand 
by saturating the aeidilied solution with hydrogen sulphide. 
Tliallous iodide should be wasbed lirst with dilute iiotassium iodide 
solution and then with .alcohiil ; it may eoiiveiiieiitly be eolleeted on 
weighed fliti'r paper, (hietl in vacuo over sul]ihurie acid, and weighed 
on the filter.* ' 

Another method of (‘stimating thallium is to piavipitate it 
cleetrolytically as thallie oxide on the anode ^ from a sul])hurie 
iw'id solution eontaining .leetone. , A roughened jilatinum dish is 
u.sed as anode, and the electrolysis is eondiieted at itj^out Hfi (,. 
Deposition reepiires 7 Ifl hours, after wliieh the de[iosit is washed 
with water, alcohol, and linally with ether : it is (hied at ItiO C., 
and weighed as Tl., 03 . The aeetoiu' u.sed in tin; bath has a favour¬ 
able effect on the character of the anodic deposit, rendering it 
adherent. By this method thallium eouhl probably be se,, ir^jjtjjd 
from all metals except lead, maiiganesi;, and possibly silver, but 
details on this point appear to be lacking. * 

Terrestrial Occurrence op Gallium, Indium, Thali.ium and 
Germanium • 

• 

The goo-chemistry of gallium, indium and thallium is so nfuch 
interwoven thaljit can Is) discussed in a Bi;iglo sUotion. The geo- 
ehemistry of germanium—the,rart!st elenlent of Group IVb —wkich 
is often found along witl; galliuin wilt also be considered at the^ 
same time. • ■ . ' 

r A. J. Berry, Trana. C'/tem. Soc. (1022), 394. 

* M. E. tieiborg, Anofg. Cttem, 3^(1903), 347, 
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j I ^ f. I f ^ 

The quantity ol these four elomf5nts in the original molten magma 
must have been extraordinarily (fmall. In'very^few places»have 
the natural processes of differentiation, such as have led to the 
formation of the ores of commoner fnetals, brought the /taeentration 
high enough to allow the formation of minerals in which these-rjre 
metals are major constituents. Such minerals as 

Argyrodito.4AgjS.GeSj 

Ci’ookositc.(CUjThAgjjSo 

and Lorandito.TlAsSj 

are so rare that their existence need scarcely bo considered. On 
the other hand, all four metals occur commonly as minor consti¬ 
tuents in certain sulphide ores, notably zinc blende. Evidently 
those conditions which are favourable to the natural concentration 
of zinc, are also favourable to the eone(Ui‘ration of galliur^Tnuliuin, 
thallium, and germanium. Many zinc ores contain gallium and 
indium, notably those of hVeiburg (l^a.xony) and Oklahoma. 
Germanium occurs in both districts, the mineral argyrodite, already 
mentioned, being found in one of the Ereiburg mines. Some zinc- 
ores also contain thallium.* -inotHer mineral coittaining these 
rare metals in traces is iron pyrites, some samples of which 
(jonstitute a convenient source of tballium. As is quite to bo 
cxpecbM, many iron-ores of a secondary cliara(;ter, which presum¬ 
ably owe their iron to primary ores rich in the metals under 
consideration, eontai n an appreciable quantity of the same metals; 
some of the Gkna'land iron-ores, for instance, e<mtain an appreciable 
amount of gallium.* Traces of the same elements arc found in 
many other minerals, such as batixito, and certain manganese ores.’ 
Thallium 1.. found in some mineral springs; germanium occurs 
in the waters of Vichy.'* Einally appreciable quantities of 
germanium are often present in the mineral euxenite,’ and other 
minerals eontainin;* niobium, tantalum, and the rare earths. 

Extraction of GALuirM, Indium, Thalliu.m, and Germanium 
F ew uses have lieen fonnd for the four metals, and there cannot 
bo said to bo any organized metallurgical industry. Small 
quantities—such as aro demanded from time to time for special 
purposes,' or for research work—can be made from any industrial 
material'wliich happens to be rich in the metal to be prepared. 
Many iSidustrial nroducts—made from ores containing the metals 
m^r consideration—contain noteworthy quantities of the elements. 

‘ W. N. Hartley and H. Bamage, Trans. Chem. Soc. 71 (1897), 540. 
t\V. N. Hartley and H. Ramage,-Proc. Roil. Soc. 60 (1897), 35, 393. 
•W. N. Hartley and H. Rainage, Trans. Ohsm. Soc. 71 (1S^7), 533, 647. 
**3. Bardet, Coinptes Rend, 158 (1914), 1278. 

• 0. KrSas, Ber. 21 (1888), 131. 
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For instance’ many#samples of^Middlesborouglf pig-iron contain 
appreciable quantities of gallium ; Freiburg zinc may contain 
indium in quantities up to 0-1 cent. When pyrites containing 
thallium is^burnt to give sulpRur (hoxide at the sulphuric acid 
wgrks, the thallium, which is appreciably volatile atlhe tcpiperature 
of the pyrites burners, is found in the flue dust. 

^The gallium used in recent research work in America has been 
obtained from the residues left in the retort when certain American 
zinc-ores—apparently obtained from the Joplin district - are 
distilled for zinc. Naturally, the non-volatile metals—of which 
lead is the chief—remain behind in the retort, and, since the ores 
used contain a noteworthy (piantity of gallium and gcrtnani\im, 
the^ " Icady residues ” form a convenient source of these metals.* 
Sometillfc* globules, consKting of an alloy of gallium and indium, 
are actually found in the residues, and can he ]iickcd out and worked 
up to give pure gallium, ft is stated that prolonged heating of this 
alloy invar.vo at about 1,800^ 0. is sufficient to drive off piactieally 
all the indium, whilst leaving the less volatile gallium in a state of 
moderate purity.- A silica lAlh Ift'ated in an oxygen illuminating 
gas flame can be useil for the sc|)aration of the metals by 
volatilization. , 

A more general method^ of (d)taiuing galliuni and germanium 
from retort-residues is to roast the residues, and then to dissolve 
the crude zinc oxide obtained in hydro<‘bloric acid ; potassium 
chlorate is added and the li(iuid is distilled. Germanium, which 
has a volatile chhu'idc, comes ov<!r with tlu; portion of the distillate 
boiling between 121° and Jt0°f!,*and can be obtained from this 
p(.)rtion of the distillate by jireciiiitation with hydrogo* suljihide. 
From the white precipitate of germanium sul])hide, other germanium 
compounds—or the metal—can be prepared (see “ (termanium ”). 

The liquid left in the flask contains zinc, Icafl, iron, alerninium, 
copper, tin, cadndum, and jfallium. Mere dilution with coki water 
serves to precipitate much of the lead, as the sjiaringly sol^*ite 
chloride. The liquid is rendered nearfy neutral with atpmonia 
(which is added until a precipitate Isigins to arrive). IhRn metallic 
zinc is added, and the liquid is boiled for several hours, and filtered ; 
the precipitate consists both of metals and basicwalts, anu contains 
most of the gallium. Tins is redissolved in acid, treated -.Tith 
hydrogen sulphide to remove copper, lead, tirj and cadmium, 
rendered noasly neutral wito ammonia arxl again boiled with zir .5 ; 
the precipitate obtained on difutio'n consists of variems hydroxides, 

> W. F. Hilibbrand and 9. A. Scherrer, J. Ini. Eng. CMm. 8 (1916), 226. 

• P; E. Browning and H. S. Uhlur, Amcr. J. Sc^ 41 (1916)# 351. ' 

* H. C. Fogg a»cl C. James, J. Amer. Che^. Soc. 41 (1919), 947. 
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including gallium hydroxide. 'Bhia is agai]^ diaaoK'ed in acid, 
and a further quantity of cadmium jp rcmoved'by hydrogen aulj^ide. 
After this the gallium is prcci})j,tated asv hydrokide, hy adding 
ammonium chloride and ammonia, and boiling until/the solution 
becomes ^aitrtly acid; the hydroxide is again dissolved in {usid, 
and gallium is ohee more precipitated from a weakly acfd solution 
by sodium formate ; then follows further purification by means gf 
hydrogwi suljjhidi! to removo final traces of (iopper and cadmium, 
and gallium and aluminium are again thrown down as hydroxides. 
The mixiid hydroxides are dissolved in soda, and tin; solution is 
electrolysed to give globules of gallium. 

Owing to the very small amount of gallium in the original residues, 
it is iKicessary to start with largo amounts of material, and the 
completonoss of separation should be ehee|<ed at each ategi>Jiy means 
of tho spectroscope. Details of the proe('ss, which is naturally 
laborious, sbould bo sought in the orighial paper. 

Indium can also bo pre^pared from the residues obtained in tho 
zinc retorts. The separation from gallium can be effected in various 
ways. I'lie methods founded an tb.i precipitation of indium as 
hydroxide are rather unsatisfactory owing to tho incomplete 
character of tho separation. The fact Hiat indium can be deposited 
(deetrolytieally from solutions too acid for the deposition of gallium 
might b<! used. The fractional crystallization of the two alums 
appisirs to give satisfactory results.* 

Thallium is usually extracteil from a thalliinn-rich flue-dust, 
obtained from a sulphuric acid works using a variety of pyrites 
containing thallium, it can lai^cly he extracted by boilmg water, 
and precipil atei I as chloib le by adding sodiu m chloride to tho extract. 
Tho precipitate is washed, and reconverted to thallium sulphate 
by heating with sulphuric acid. The solution of impure thalUum 
sulphate is freed from various metallic impurities by treatment 
iirat with hydrogen sulphide, and then with ammonia. Afterwards, 
by <oloclrolysi8 of the purified solution containing free acid thallium 
may be obtained in the metallic condition on the cathode ; the free 
acid served to prevent tho formation of an oxide deposit on the 
anode.* 

Thallidm has bopn used in optical glass, to which it imparts an 
oxc/iptiohally high refractive index.’ ‘The flue-dust from tho 
pyrites'burners qt sulphuric acki works, and similar waste material, 
p^vido a source for thh c/)mparativcly hmall quantities of thallium 
compounds required. ‘ ‘ 

( it ' 

’ P. E. Browning and L. E. Poi-tor, J. Anwr, 'Chetn. .S'or. 43 (192L), 126. 

F. Fooretor, Zeitwh. Clietn. 15 (IH97), 71. 

“ E. Cahou,-Discoycry, 1 (19^), 14^. » i 
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Atomic 

Normal Electrode 


Weight. 

Potential. 

Oarbon 

I2(K)5 


(Silicon 

28-3 


Girmanium 

72d) 


Tin ► 

118-7 

“0146 volt 

l>eud . 

2()7-20 

-U-132 


The first twci (.‘loiiicnts (if (Jniup IV'b, carlioii and silieun, are 
usually regaid('d as noii-nuitids ; germanium (dso pussoases certain 
uon-mctallie ]iri)|i' rties. Tlio t'vo*liigher members of the group, 
tin and lead, an; soft, readily fusible, metals, somewhat recalling 
the midals of Clroup IIIb. 

('■'arbon and silicon have an almost invariable totravalent 
char-icter. (lorpianium, although normally tetravalont, has also 
compounds in wliich the metal is divalent. In tin, the salts of the 
divalent oloment are as stable as those in which the full valency 
of four is exerted, whilst in lead, the lower salts are by far the most 
stable. The eoinjamnds of tetravalent germanium, tin and load, 
recall in many ways the tetravalent elements of (Iroufl'lVA ; we 
find once more volatile tetrachlorides, whilst the oxide corresponding 
to the same stale of oxidation has acidic -rather than basic- ])ro- 
perties ; the germinates, stannates and iilumbates may be regarded 
as analogous in some respects to the litanates and zireoi' ites. 

The Appearance of Non-metallic^ Properties. The most 
interesting feature of Group IVb is the appearance of 'iijn-iholallie 
properties. All the elements so far considered tend- lu eo-ding 
to modern ideas— to lose electrons, when they enter into eombinat ion. 
The ehargod sodium aton*, which exists in a crystal of sodium 
chloride and (in a more mobile form, the sodium “ion”) in an 
aqueous solutioivof the same salt, is supposed to m a sodium atom 
deprived of one electron. As i.lready explained in the introduction 
(Vol. I), the sodium atom-has one more electron than the inert gas , 
neon, and th« loss of thW one “ valency electron ” must be supposed 
to leave the outer shell of the sodium at«m similar to that of a neon 

M.O.—voi.. It?. * 2i59 
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atom; thus, the-remarkable stability of the^hargc<f sodium atom 
is accounted for.' Tho electron feist by the'sodium is gained by a 
chlorine atom. Chlorine lies on ^he extreme right of the periodic 
table, and has,one electron less than the inert gas ^rgon.” By 
the ahsoiiption of this one extra electron, the chlorine atom comes to 
assume a stable character comparable to that of an inlSrt gas. 

According to this notion, nm-rmittUk, projxrtiea (i.e. the power |o 
absorb electrons) will be confined to those elements which precede 
the inert gases, that is to elements on the right-hand side of tho 
Periodic Table, as arranged in this book, 'riiis is actually the case. 
Group IVb is the first group in which marked non-metallio properties 
occur. Carbon and silicon, the two lowest elements, are invariably 
regarded as non-metals, although one form of carbon ha.s tho lustre 
and tho typo of electrical condrictivit^r associated wjjh metals. 
The remaining three elements may indeed bo looked upon as metals, 
but they form a few compounds in wlhch they undoubtedly play 
tho part of a non-metal. Thus germanium forms a ga.seou.s hydride, 
GeHj, analogous to those formed by carbon ((Tf,,) and silicon 
(SiH,). There is evidence that similar gaseous hydi'ides can exist 
in tho case of tin and lead. 

These ga.seouN hydrides must be distingui.shed from any hydride.s 
which we have yet considered, with the )iossible exce|ition of boron 
hydride.- The hydrides of the different elements can be aasigned 
to three classes ;— ' 

(1) Solid hydrides formed by elements on the /e//-hand side of 
the Peruslic Table. Here the hydrogen functions as a non-metal,-'' 
and the element exerts its charaeteristic positive valency. Examples 
are lithiiif/i hyib-ide (laH), potassium hydride (KH), and calcium 
hydride (CaHj). 

(2) Solid hydrogen-alloys, jios,Hessing the physical characters 

of a metal, forincU by metals of the rentrr of the Periodic Table,- 
like palladium, iron, nickel, and platiifum. 'J'he.se may be regarded 
a.s true alloys, both hydrogen and the element in question acting 
as motals. „ • 

. (3) Gaseous hydrides, formed by elements on the nj/i(-hand 
side of tho Periodic Table. Here hydrogen acta as the metal, and 
the clement as a iwii-nietal; the element exerts its negative valency, 

' Comparo f. Ismgmuir, J. Amer. Chem. Hoc. 41 (1919), 898, 1543. 

• Conqiare F. lametli, ilrr. 63 *(1920), 1710. 

,, * Seo also W. Nemst, Zri(s(-li. Kkklnxhanllb (1920), 3i3. An X-ray study , 
of liUiium hydride by J. M. Bijvoet nn»'. A. Karssen, Proc' Amst. Acad. 25 
(1922), 20, appears to stiow a structure ana|ogous to sodium chloride, the 
hydrogen taking tho place of chlorine. D. C. Banlwell, J. Amer. Chem. Soe. 
44 (1922), 2499, has sliowii that on tho electrolysis of a solution of calcium 
hydride in a fused mixture of, lithium and potassimn chlorides, hydrogen is 
liberated at tho anode, not the catkpde. c 
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which is dottrmined'by the dis^aj^ce of the element frofc the inert- 
gas group. Examples are giveij in tabular form below. It should 
be noticed thaff the stability of these hydrides increases, as wo 
approach the inert gas group, but that—in a given group- it 
decreases ai^tho atomic weight rises ; the liydiidos placed in 
brackets are extremely unstable. 


Group IVb 

Vb 

VlB 

VIlB 

GH^ 

A’H., 

OH, 

FH 

SiH, 

PH,, 

SH„ 

GIH 

GeH, 

AsH,, 

.Soli, 

BrH 

(.SnH,) 

SbH, 

'I’ell., 

111 

(FbHJ 

(BiH^) 

(PoH\) 

— 


Such a*view of the gaseou-s hydrid(‘S, which is largely duo to 
Pancth, would coniine tiu! formation of the.se hy<lri(lea to elements 
which immediately precede the, inert ga.sCH in the order of atomic 
numbers. From time to time, di fferent i^xperinientei’.s ha\ i- asserted 
that certain member,s of tlroiip I\^A, namely titanium,' thoriuin,- 
ind possibly '/.ireonium,' form h^’drides similar to tho.se. of the 
membei-s of Group IVn. If upheld, this contention -would prove 
liflicult to rt'coneihi with I'aneth's theory, but the most recent 
Work' appears to indicate that tlu^ hydrides {>f titanium, zirconium, 
ind thorium dv not e.xist. 

On account of their nnn-metallie ehariwd,er, earl)on and silicon 
ire not discussed in this work, and we .shall jiroeeed at once to the 
xmsideration of germanium. ^ 

'A. KlmUs-r, Zeilsch. Atwnj. Cluiu. 117 (1U21), 243; Billy, Ann. 
Ihim. 16 (1921), 18. 

® A. Klrtuber and .1. M eon .Mellenlleini, Znluii. .Anorij. din in. 113 (1920), 
1 ( 1 ( 1 . 

"I a Winkler, JUr. 23 (1890), 2«0.'i. 

' K. Sehwar/. and K. Konnul Hit. 54 (1921). 2122 , P. I’ani-di, Al, Mattlnos, 
ind K. .Si-hnadtdlcliliel, Htt. 55 (1922), 7HS niflnding foot nols* 
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germAnium ' 

Atnraic weight . . . 72'5 . 

The Metal 

Germanium is a white clement having a metallic lustre ; unlike 
the metals of previous groups, it is distinctly brittle ; the crystalline 
character of cast germanium is well displayed when it is broken. 
The arrangement of the atoms in crystalline germanium is found 
by the X-ray method to be the same as in the diamond, and irugrey 
tin.' The melting-point of pure germanium is 958° CT, but it is 
considerably depressed if the germaniuji contains dissolved oxide. 
Ihirc germanium is only slightly volatile even at 1,350° C.; the 
'■ a})parent volatility ” observed by some investigators just above 
the melting-point is probably^duetto the expulsion of dissolved 
oxide.- 

Tlu! electrode potential is uncertain, but since germanium is 
precipitated from its salts by metalKc zinc, it must be distinctly 
more noble than that metal. It l)ehavcs in fact as a comparatively 
noble material towards acids. It is insoluble in hydrochloric acid, 
hut dissolves in warm concentrated sulphuric acid, forming a white 
sulphate, and evolving sulphur dioxide. Germanium is i-eadily 
converted to its dioxide by the^oxidizing action of nitric acid ; the 
dioxide pjoduced, owing to its feebly basic character, does not 
dissolve in the excess of acid to form a nitrate, but remains as a 
dense white precipitate. The same oxide is formed by'heating the 
iinely-divided mctjil in air, but compact germanium is only oxidized 
superficially when heated, and appears^to be unaffected by exposure 
k'l the atmosphere at the ordinary temperature. 

Laljoratory Preparation. Germanium may bo obtained from 
its oxide % reduction with carbon.^ The oxide is preferably made 
into little pellets by means of starch (10-15 per cent.); these pellets 
are dridd and hejitcd in a jxircelain crucible contained in a large 
closed crucible, the space between tho«two being filled with wood- 
charcoal. A bright red heat js applied for an hour. After cooling 
& grey powder is fouild, jvhich may beAemelted btlow borax to give 
a button of germanium. * • 

< • 

IN.*H. Kolkmeijer, Proc. Amst. Acini. 25 (1922)| 125. 

‘ W. BUtz, 2e|(scA. .Inortf. CAem. 72 (1911), 316. , 

“C. Winklor, J. PralU. Chem. (1886), 177, 
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A more modern method of prop&ring tho metal il to heat the oxide 
in a eurront of hydrogen in an llectric furnace, the product being 
fused under a covering'of sodiiru sulpliate.* 


Compounds 

‘‘Like ailioon, germanium forms stable compounds in whicli tho 
element is tetravalent. A lower series of derivatives, eontaip,ing 
divalent germanium, are also known. 

A. Compounds of Tetravalent Germanium (Germanic 
Compounds). 

Germanic oxide, GeO^, is formed, as has been remarked above, 
when the element is o.xidized either by heating in air, or by the 
action of warm intric a< iil. It is also formed on the hydrolysis of 
gcrmanii^ chloride in water. It is slightly solubU^ in water (1 p<w 
cent, at 100° C.) and the solution has a sour tiisto. Germanic oxide 
appears to have both acidic and»basic projawties, but both are 
very hs-bly developed. It is dissolved by sodium hydroxide, no 
doubt forming a “ sodium gerjiianate ” ; no alkali-metal germanate 
appears to have been isolated in the purt' state, although tho 
insoluble magnesium germanate, MgjGeO,, has been obtained by 
precipitation.'^ When tho oxide is boiled with aqueous acids, it 
dissolves in part, and the solution no doubt contains germanium 
salts ; but any attempt to obtain these salts by evaporation of tlie 
solution results in hydrolysis, a hydrated form of germanic oxide 
being obtained. 

Germanic chloride, GeCl,, is, however, present in the vapours 
given off when tho solution of germanium dioxide in hydrochloric 
acid is boiled. It is prepared more easily by p.lssing chliwino over 
the metal. Like so many ’tetrachlorides, it is a volatile liquid; 
tho boiling-point is 80° C., but vapour is given off freely at 
ordinary temperature. This vapour reacts wit h the moisture present 
in ordinary air, hydrolysing to form the solid dioxide ; that germaniq 
chloride, in common with the other liquid chlorides, gives off uenso 
white fumes when exposed to damp air. When*germanie chloride 
is added to water, it reacts with much evolution of heat, formihg 
hydrochloric acid and germanic oxifle ; tho rcaciion of germanic 
chloride with., water is accompanied bj» a curious “ crackling-,!’ 
sotmd.’ 

• a 

»a a Bidwell, Pkya. 19 (1922). 447. 

• J.*H. Muller, J. Amcr. Chern. Soc. 44 (1^2), 11493. 

•L. M. Deaui8%nd F. E. Hitfico, JitAmtr. ^hci^. 6'oc. 44 (1922), 306« 
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On account of its volatility, geAianium chi ride can be obtained 

in a pure state by distillation, and I) therefore a copyenient stairting 
material for the preparation of otjier gornlanium compounds. ‘ 

Germaniunt fluoride is obtained in solution by dissolution 
of germandum dipxido in hydrofluoric acid; it forms well-definfd 
complex salts with the fluorides of the alkali metals. For instance, 
by the addition of potassium fluoride to the solution, and ovaporifc 
tion, hexagonal crystals of potassium germani-fluoride, K 2 GeF 5 , 
are obtained; this body is comparable to the complex fluorides 
formed by silicon (KgSiF „), and also by the tetravalent elements of 
Group IVa, titanium (KJiFe), and zirconium (KjZrFj). 

Germanic sulphide, Ge 8 j, is obtained on iirecipitating a .solution 
of gi^rmanic oxide in excess of acid with hydrogen sulphide ; it is a 
white insoluble substance, and, unlike most of the othc^sulphidcs 
which have bc(m dcscriberl bithciijo, is soluble in ammonium 
sulphide. The .solution obtained (iontains a gcrmani-sulphide (or 
t.hio-germanalo), probably (NH jljS.GcS-i or (NHjljfGcSjl, in which 
germaiuum exists in the anion. Several other metals of groups 
IVb and Vb form analogous cofnpleJ sulphides which are soluble. 

Germanic hydride, GeH,, is formed when hydrogen is being 
generated in a solution containing •germanium. For instance, 
when zinc or magnesium is placed in an aeidific<l solution con¬ 
taining germanium the gas ])roduced always c(jntains a little 
germanium hydride.^ If the gas is bmned, the germanium is 
liberated and may be deposited as a mirror on a cold porcelain 
dish held over the flame ; the presence of germanium in the flame 
gives a bluish-red colour. Alterfiatively, if the hydrogen containing 
germaniunTifydride is passed through a heated glass tube, a shining 
mirror of germanium is deposited at the heated portion of the tube, 
due to the decomposition of the hydride. We shall discuss the 
pn)pcrtie.s of gaseous metallic hydrides further, when we come to 
consider arsemic hydride. 

*fn forming a gaseous hydride and a liquid chloride, germanium 
shows «, considerable reseinblance to carbon, the non-metal which 
stands at the head of Group IVb. Various compounds of germanium 
are knoryn, which are analogous in composition to the organic 
compounds of cafbon. Those peculiar substances are of more 
interest, to the organic chemist than to the student of metals ; they 
include the so-called ‘‘.germaiflum chl 8 roforrn,”^GcHCl„ a liquid 
obtained by the action d£ dry gpseous hydrogen chloride on ger¬ 
manium, and (tnalogous to chloroform (CHCI 3 ). Another compound 


»Soo also J. H. Muller, J. Amer. Ohem. Soc. 43 (1921), lofc. 

• See also F. Fanetli uil8 E. ^Sohmidt-Hebbel, Ber. 55 (1922), 2615; 
Mullor and N. H. Smith, d. ,dmcr. SItem. Soc. 44 (1922),* 1909. 
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worthy of nttice is‘“ geVma^ym tetraethidcj^’’ G«{C,Hj) 4 , a 
liquid prepared by mixing zinc^ ethide and germanium chloride; 
it may be considered as analogous to the hydrocarbon, symmetrical 
nonane, CfCjHj),. 

V 

B. Compounds of Divalent Germanium (Cermaiious 
Compounds). 

The lower compounds of germanium are less numerous than the 
higher ones ; germanous oxide, GeO, is obtained by heating-the 
dioxide with magnesium, and is a grey substance. A brown 
hydroxide is prepared by precipitation of germanous chloride 
solution by caustic soda. It is .soluble, both in excos.s of alkalis 
and in hydrochloric acid. 

The onljj other well-defined germanous compound is the sulphide, 
GoS, obtaine<l when germanic sulphide is heated in a oimrent of 
hydrogen ; it is a dark g.ey body. 'I'ln^ sulphide is converted by 
the action of hydrogen chloride to the chloride, GeCh, mentioned 
above as being the source of the hydroxide ; this chloride does not 
appear to have been produced iik a state of purity. Germanous 
sulphide is not soluble in pur(' colourless ammonium sul])hidc8; 
but “ yelhjw ” ammonium sulphide, which (smtains free sulphur 
or polysulphides in solution, fii-st converts it to germanic sulphide, 
which then passes into solution as a complex sulphide. 'J'he same 
state of affairs'will be met with in the ease of the lower sulphide of 
tin. 


Analyfical 

Germanium is usually precipitated and estimated as sulphide, 
which can be thrown down in a distinctly acid solution by means 
of hydrogen sulphide. Several other metals are likewise precipi¬ 
tated, but only in a few cases—such as germanium, tin, arsenic 
and antimony— is the sulphide soluble in ammonium i. Iphide. 
Hence these four metals can be sej)arajie(l from the others. I'ue 
complex “ gcrmani-sulphidcs ” are more stable than »thS corre¬ 
sponding tin, arsenic and antimony bodies ; upon the addit'on of 
just sufficient sulphuric acid to neutralize the^liquid f'lllowed by 
dilution, tin, arsenic aiM antimony are thrown down, whilst 
germanium remains—for the most part—in the solution. If, after 
filtration, the IMtrate is nfade strongly acid, anS again saturated 
with hydrogen sulphide, geriuanhim sulphide is thrown down. It 
should be washed with" slightly acidified water saturated with. 
Hydrogen sidphide (being slightly soluble in pure water), then with 
alcohol saturajied with hyjjrogen sulphide,'and finally with ether, 

* < > 
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• 

A qualitiftive ^jicthod^ of sepaj^ing germanium from arsenic, 
and also from zinc and other me^ls with w3iich it is comnyanly 
associated, consists in dissolving the materjpl in hydrochloric acid, 
adding potassium permanganate,* and distilling; the distillate 
earries over gefmanium as the volatile chloride, thff germanium 
being aftertvards precipitated from the distillate as sulphiefc. Ttefe 
appears to be no reason why this method should not he madj 
quantitative. 

The best method of estimating germanium in impure zinc oxide 
depends on distillation as the volatile chloride, the distillate being 
afterwards prcHiipitated by hydrogen sulphide; the precipitate 
only comes down very slowly. The sulphide is converted to oxide 
by treatment with nitric acid, excess of which is afterwards driven 
off by h(!at, and the metal is weighed as OcOj. Jhitails of the 
prcKicss should be sought in the origimtl paj)er.- 

• 

Terrestriai, Occurrence 

The terrestrial (Hamrenee of germanium as a minor constituent 
in various American and Oerman zinc-ores, as well as in siuih rare 
minerals as 

Argyrodite . . * 4Agj8,GeS2 

has been discussed in connection with the oeciuTcqce of gallium, 
indium and thallium (see page 205). The richest source of ger¬ 
manium appears to be e(‘rtain zinc blendes from Missouri and 
Wisconsin.’ Germatiium likewise occurs in various minerals 
containing rare earths, and also idinerals of niobium and tantalum ; 
its occummrft'-i/i ouxenitc has already been mentioned. 


Extraction 

The recovery of germanium, as sutphidc, from the “ leady 
residues ” left in the retorts when certain American zinc ores are 
distilled for zinc has been discussed in connection with gallium.* 
The cru5e ztnc oxide obtained by roasting these residues is dissolved 
in hydrochloric acid, potassium chlorate is added and the liquid 
is distillcff. The wjiole of the germanium present comes over as 
the volatile chloride, but since arsenic affio has a volatile chloride, 

‘ P. E. Browning find S, E. Scottt Amer. 44 (iqj7), 313. 

“rfj. M.- Dennis and J, FapiAi J. Amer. Vhem. Soc. 43 (13&1), 2140. 

’ C. H. Burhanpn, J. Ind. Eng. Chem. 8‘(1918), 583 ; 9 (1917), C81. 

‘ L. M. Dennis and J. Papish. J Am-r. Chem. >Soc. 43 (1921), 2131; H. C. 
Eogg and C. James: J. .dmer. Chem. Soc. 41 (1919)(i>947. See also O. Urbain, 
M. Blonde), and M. Obiedoft, Comptea Rend. 150 (1910), 1758, who give an 
alternative method. '' 



GEAMANIUM 217 

the distillate may ako contain atsonic. Treatm#nt of the distillate 
with hydrogen sulpnldo throw| down the sulphides of germanium 
and arsenic, an3 the mixture on(poasting yields oxide of germanium, 
most of the oxide of arsenic bcihg removed by volatilization. It is 
best to diss<\e the roasted material in caustic aiKali and to treat 
the solutTon with chlorine, which converts any remaining arsenic 
^o the pcntavalent corubtion. It is then possible to acidify tho 
solution and to obtain the germanium by distillation as thi^ volatile 
chloride. 
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Til/* 

, Atomic weight ... 118-.' 


The Metal 

Tin, like germanium, i.s a silver-white lustrous metal, hut it is 
rather heavier than germanium, the specific gravity being 7-3; 
moreover, it melts at a far lower temperature, 232° C., lower than 
any other common metal, except mercury. Ordinary w'hite tin, 
such as is generally met with, erystallize.s in the tetragonal system. 
The coarsely crystalline texture of ordinary tin is somewfiat 
charactcristie. Tin is distinctly le.ss brittle than germaTiium, and 
is malleable enough to be rolled into foil? When a piece of tin is 
sharply bent, a curious sound known as the cry of tin ” is heard 
at the moment of deformation. Micro.sections of deformed tin 
show the existence of “ twinning ” on the side w'here the tin has 
been compressed, although it is usually absent on the si<le where the 
metal has been in tension. It is possibje that the “ cry " is caused 
by the atoms (on the comprcssional side) taking up their twin 
orientation. 1 Deformed tin undergoes recrystallization or grain- 
growth on annealing.^ * 

The malk'ability and ductility of tin increases when the metal 
is heated to 100° C., but it is extremely brittle about 195° C.; 
the change is ascribed by most authorities to the appearance of a 
rhombic all(fe;Tpo which is stable above 161° C.’ 

When ordinary white cast tin (produced by cooling fused tin to 
the ordinary temperature) is exposed to an extremely low tempera¬ 
ture (—40°C.), it gradually commences to crumble, forming a 
greyish powder, which would seem to consist of another allotropio 
for« of the metal; grey tin has actually a much lower specific 

gravity,(6’8) than white tin (7-3). Grey tin belongs to the cubic 

• 

^ C. A. Edwards and H. C. H. Carpenter, J. Iron Steel Inst. 89 (1914)» 138. 
P. Gaubert, Cotnptcs Rend. 159 (1914), 080. 

“ J. CzofAiralski, In^. Zeitsch. Mel. 8 (1910), 1. Compare H. C. H. Car- 
pent^jr audiC. F. Klam, J. Inst. Met. 24 (1920[J, 83, who worked on tin con¬ 
taining per cent, of antimony in solid solution. See also G. Masing, 
Zeitseh. Metallkiinde^ 12 (1920), 458. 

® Just 08 in the coseoftKe aUeged allotropicfhangeinzin*at 170-180® C.,ao 
th^o is a little doubt about the existcyice^f tho allotropio clftmge in tin at 
101® C. S. Nishnkawa and G. Asahara, Phys. Rev. 15 (1920), 38, have com- 
•pared tho X-ray p^ittenis given by tin at 140®, 150®, 160®, 170°, and 200° C., and 
stat^ that there is no evidence of any change of Atomic arrangement. But 
so many other authoritics^havf^ obtained by different methods ovideit^e of 
tho change that the balance of evideni^p appunra to be in farceur of ita exist- 
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system, * thj atomfi being arranged in the saAe way as carbon 
atoflis in the d|p.moncl. There •vould appear, therefore, to be three 
solid allotropes of tin,* namelji: 

Qrey cwhia tin, stable below 20° C. 

, WhUe letra^ml tin (malleable), stable from 20° to J()1°C. (?), 
and probably 

.* UAotoWc tin (brittle), stable from 161° (?) to 232° C. 

Since the temperature in this country is commonly below 
20 ° ( 1 ., it will bo evident that tlie soft grey form is really the 
stable condition at ordinary temperatures, and that the familiar 
white variety is metastable. Apparently, when molten tin is 
allowed to solidify, and the white tin is cooled to ordinary tem- 
p(jj'aturos, we meet with a case of supercooling, such as is com¬ 
monly noticed when motals are cooled only a few degreis below 
a tran.sformation point. According to Cohen, the transformation 
of white tin into grey tiif run take place at any temperature below 
20° C., b\it at temperatures only just below 20°('. the velocity 
of transformation is so slow ns to be negligible. Tlu^ velocity 
increases as the tin is coolM dSwn and reaches a maximum at 
— 48°t!., below which point the velocity diminishes. Even at 
0 °C. the velocity of ti'an.sf<<rmation is (jiiitc api)re(!iable, if a little 
“ srey tin ” is j)lai‘ed in (sintact with the white, so as to provide a 
nucleus for the change. It woidd appear that the presence of 
stannous salts also accelerates th(! change at such temperatures. 
The reason is almost certainly to be ascribed to the formation of 
a short-circuited coll or couple : 

Grey tiii i Tin salt j VVhiti^ajj 

.solution I 

• 

Below th(‘ transition tf^mperaturo (20'C.), tlui j^roy tin acts as 
cathode, and the iinstahle wliite tin as aiiodh; thus white tin is 
dissolved away, and the sdme amount of frcsli grey tin is d(‘positofl 
Consequently the transformation of white to grey tin j>rOf%>dH 
apace. The E.Jd F. of the above-mentioned cell hits been ryeasured 
at various temperatures ; it is found to become zero at tjic 

ence. Soo K. C^heii and E. Goldsclunidt, ZvUach. CVw’*’^ 50 (1005), 

225; P. W. Dozens, ZniseX Auorg. Chtni. 63 (1909), 207; W. Wiyner, 
Zeitsch. Anorg. Chern. 83 (1915), 275. However, V. M. Goldschmidt, Zeitach, 
Mttallhmde, 13 (1921), 450, Note 1, s.tj's that tlie so^ullod rhombic <m w 
really staimoys siUphide. A.ISmits and J. 8«uyrftan, Proc. Ainat. Acad. 23 
(1921), 687, as a result of rohoaijihe^* on the thermo-clectromotivo force of 
tin-iron and tin-coppcr couples, state that the change f?om tetragonal to 
rhombic tinjDccurs at 2()0®C, * , • 

• » A. J, Biji and N. 

“ fe. Cohen, Zeitach. Pliya. 

513; 48 (I904)f243; Traua. t'anidaig i^oc. 7^(l9y), 122, 


olkmeijer, Chem. W'eekbladt 15 (1918), 1264^ 
Chem. 33 (lOOOi, 57 » 35 (1900), 588 ; 36 (reOl), 
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iransition-teSiperalure, whilst abowe that poinf^the cel? would tend 
,0 send current in the opposite direction, grey tin being converted 
;o white. i • 

Under ordinary conditions, white*tin can he stored im a number 
A years wjthout appreciable change. Most of tha'/'^tual ciwej 
ivhere tin has beeonie “ grey ” are duo to exceptionally low tempera- 
jurea. For instance, during the severe winter of 1867-8, several*, 
jamples of tin stored at St. Petersburg were found to be affexited 
by what was called the “ tin plague ” ; some of the tin had actually 
irumbled to powder. It is noteworthy that tin which has been 
itored for several centuries, even in ordinary climates, has been 
'ound to have become changed (at any rate in places) to the 
5 rey condition. , 

Tin falls a little on the “ reactive ” lyde of hydrogan in the 
potential series, and will proinpitate more noble metals from 
solutions of their salts ; thus tisi boiled with a solution of antimony 
shloride in hydrochloric aend will enter into solution, the antimony 
being preciisitated as a black j)ovvder. On the other hand tisi is 
itself reduced to the metallic state, utien a solution of tin salt is 
treated with more reactive metals ; if a piece of zinc is placed in a 
tin solution, a iiiut dendritic growth o^ nu^tal known aa the “ tin 


tree ” is produced. 

Since tin is slightly more reactive than hydrogen, it is capable 
of dissolving in dilute sulphuric or hydrochloric acid with the 
evolution of that gas ; but the change only takes place if the solution 
is warmed, the rise of temperature reducing the “ overpotential ” 
of hydrogen-evolution. In conti*!t with platinum, a material of 
low overpotc*iifel, tin dissolves in hydrochloric acid more readily ; 
the platinum, acting as the cathodic member of the corrosion 
couple, affords a surface upon which the gas can be evolved without 


difiiculty. • 

Oxidizing acids attack tin readily. Nitric acid yields different 
prothicts according to the temperature and dilution. If the acid 
is strong, stannic nitrr^te is the main product; being not very 
soluble in tflo acid, it is largely precipitated in the solid state. If 
water is present, hydrolysis of the stannic nitrate occurs, and we get 
in additioti yellowish basic nitrates or stannic hydroxide; whilst 
if the solufion is warmed these bodies quiclely change to the so-called 
“ metast'annic aciij” (see below). Finally, if the nitric acid is 
aufjciently dilute, the tm ie not oxidized to the stannic condition 
at all, and tho,oidy product is stannt)us nitrate.* 

• Tin also dissolves in caustic alkalfe, evolvih^ydrogen ajid forming;^ 
staiwiites, oi^ in presence of air—stannates. 

* A. Klpinschmidt, Mongi^, 3f (1918), 149.* 
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Metallic Mn keeps its lustre lyell in ordinary ^ir, and suffers no 
appreciable corrosion. 

The anodic*behavipur of twi ^ is of interest. When current is 
forced through an ehwtrolytio roll furnished with a tin anode, and 
containing 1\chloride solution, the tin is corroded at a current 
efficiency in the neighbourhood of 100 per cent.,*,caleulktcd on the 
.assumption that tin passes into the solution in the divalent condition. 
In a mlphate solution, the efficiency of anodic dissolution is much ” 
lower owing to the formation of a film of light brown oxide this 
is sometimes closely adherent and obstructive, sometimes loose and 
incoherent; the current efficiency varies between 6 per cent, and 
84 j)er cent, under the.so different conditions. In a nitrate solution 
the oxide-film produced is of a loose character, and does not appear 
uSually Jo interfere wijh the attack. The efficiency of anodic 
attack is high ; according to G. R. White a curnsnt efficiency of 
170-190 per cent, is usually obtained, calculated on the assumption 
that tin is passing into the divalent condition. It is diffievdt to 
find a satisfactory explanation for these high values. If the 
ekwtrolyte is alkaline - (o.g. a sijlution of sodium hydroxide), tin 
passe.s from the anod(!, under favourable condition.s, exclusively 
into the divalent state ; in other words, the sole primary product 
of the anodic attack is socfium stannite. But this salt is unstable 
and may become conve^rted by secondary changes to stannat(u 
Under ordinitry conditions, access of air will convert the stannite 
to stannate ; even if this is prevented, the stannite solution is able 
slowly to deposit a grey prtscipitate of metallic tin, stannafi; being 
left in .solution : • 

2 .Su“ -«n -| Sid''. 

Ajiart from this slow change, as soon as any considerable amount 
of stannite has accumulated in the bath, it will begin to be oxidized 
anodically to stannate. If a film of clinging.insolublo obstructive 
matter, e.g. stannic acid,^omes to be formed on the anode surface, 
causing total oi partial passivity, the passage of tin into tl solution 
will be obstructed; the anodic potcivtial will then become ,uore 
positive, and the oxidation of stannite to stannate wiU I'efome the 
most important eleetrodic change. * 

Laboratory Preparation. The metal may be prepare<l by the 
electrolysis of an aqueous solution of a tin salt. DeiwsiCion from a 
chloride solution at low current density produyes a Imise deposit 
of bright crystals. Deposition from certain complex salt solutipns, 
such as ammonium tin oxalafo, preferably in the presence of peptone, 
gives a stpooth depqjit! * , 

lite, J. Phyr. Chem. IS (1911), 7r,7. 
ir, Zeit^ph. ElektrochAn to (1910), 599. 
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Tin can ho obtiuneA as a cryst|lline “'tree ’* by placing zinc in 
an acidified solution of a tin salt. A dry Aethod of obtaiping 
tin from the compounds consists inmeating J.ho oxide with charcoal ^ 
and potassium cyanide; the cyanide probably acts as the real 
reducing agent,* becoming converted to cyanatc, ^ich is then 
reconverted to cyanide by the carbon. If tin oxide and ciarbon afe 
heated alone, without the presence of cyanide, a much highei^ 
temperature is needed for the reduction. 

For the preparation of pure tin from impure metal, it is possible 
to distil it in a emrent of chlorine. Tin passes over as the volatile 
tetrachloride, whilst most of the impurities remain behind. The 
till is then precipitated from the distillate as sulphide, which is 
afterwards dissolved in a.solid ion of sodium sulphide containing free 
alkali. By electrolysis of this solution, pure tin can bo obtained.* 

Compounds „ 

Tin forms two classes of compounds, derived from the oxides 
SnO and SnOj; these correspond to the two series of germanium 
compounds. Both the oxides m^ntiotiod arc “ amphoteric,” that 
is, they dissolve in acids, forming stannous and stannic salts, and 
also in alkalis, forming “ stannites ” and “ stannalcs ” respectively. 
But all these solutions hydrolyse very readily and under certain 

conditions deposit hydrated oxides of tin spontaneously. 

« 

A. Compounds of Tetravalent Tin (Stannic Compounds). 

Stannic oxide is formed in the anhydrous state when excess of 
air is passed for some time ovef molten tin; at first the lower 
(stannous) oxidp is formed, but this is finally oxidized to the higher 
compound. But it is more conveniently produced by igniting any 
of the forms of hydrated oxide (stannic acids) discussed below. 
As usually produced, the oxide is a heavy white powder, but it is 
known in three different crystalline formi^ H'spectively isomorphous 
witj^tlic three forms of titanic oxide. The most important form 
belongs to the tetragonal system and is found in nature under 
the • nalJio • cassiterite’” ; it will therefore be discussed in the 
seetion on geo-chemistry. This form can be obtained in the 
laboratory<by the crystallization of stannic oxide from fused borax. ■ 

The hydrated oxide, usually known a.^stannic acid, is formed 
when a etannic salt (e.g. stannif chloride) is precipitated with an 
alkali (such as calcJhm carbonate), or wheft a stannat* is decomposed 
wiA hydrochloric acid. When thrown down from a cold solution, 

^t is usually a rather voluminous precipitate soluble either in acids, 
yielding stannic' salts, or in alkalis yielding solutidns of th9 
‘ J. Bougartz <&d Al Claaaen, Ber, 21 (1888), 2J00. 
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sfannates. ^ut, like 8 ft many hydrated •oxides, it undergoes 
“ agoing’’—slowly *at ordina^ temperatures; hut quickly on 
warming—giving rise to a prcfiuct which reacts much less readily 
both with acids and alkalis. So different is the behaviour of the 
product obtaijjed in the cold to that obtained on warming, that they 
Itave been assigned distinct names; the prodiwt obtained in the 
jCold is called a-stannic acid, and the product obtained on warming 
'/^-stannic acid or metastannic acid. The latter is usually pre-a 
pared by the action of nitric acid on metallic tin at 100 ° C.,; at 
ordinary temperature.s, nitric acid acting on tin gives a nitrate 
of tin (stannous nitrate or st annic nitrate according to the concen¬ 
tration of the acid). 

The behaviour of u-stannie and /?-stannic atsds to acids and 
alkalis is very different. Weak alkalis, such as ammonia or sodium 
carbonate, peptize the a-acid Imt not the /l-acid. Strong acids or 
alkalis dissolve a-stannjp acid, yielding a solution from which 
crystalline stannic salts or stannatiis can bo isolated. Hut the 
/ 5 - 8 tannic acid is merely peptized, and under certain circumstances 
excess of the reagent causey the^/J-acid to be thrown down once 
more. For instance, /J-stannic acid treated with concentrated 
hydrot^hloric acid is not dissolved, I)Ut if after sonu! time the mixture 
is diluted with a large voluikc of water, a more or less clear colloidal 
solution is obtained; addition of excess of hyrb-ochloric acid--or 
alternatively » very much smaller amount of sodium sulphate— 
renders the solution cloudy owing to the reprecipitation of j?- 8 tannic 
acid. However, continued boiling of the /J-acid with a concentrated 
acid or alkali converts it to a tr;io solution of a stannic salt or a 
stannatc. 

Some chemists regard u- and /l-stannic acids as definitely distimd 
individuals. According to one view,* a-stannic acid is written 
HjSnOa, and ^-stannic acid is regarded as its pylymeride (H -SnO^) 5 . 

It seems, however, more Jirobahle that a- and ;*l-stannic acids are 
really the same .substance. It will be recollected that iv the^aso 
of hydroxides of (ferric) iron, a series of products can be obt. i.ieil 
differing in colour, general appearance, afid ehemi'ab prn]ierties, 
and yet this sensational variation in projierties is now attributed 
mainly to the size of the pirimary particles. It seems *'cry bkely 
« * 

* A. KleinBclunidt, Montash. 39 (1918), 149. The view is based.upon the 
analysis of tlie p^uote obtained by tl!e action qf acids or alkalis on mete- 
stannic acid. •- These products are stated by iarlier writers to liave a rather 
variable composition, and arc gSheiSUy regarded merely m adsorption pro¬ 
ducts. But Kleinschmidt assigns thejn definite names and formulie, such as 
■letostannyh chloride SnjaslOHlsCl,, motastaimyl nitrate' 8njOj(OH),(NOa),,' 
Bnd*aodium metastannate Sm 05 ( 0 H),( 0 Na),, which would suggest .that 
metastannic ac)^ itself was SnfOjtOHlglOHA or ( 2 l,Sn 0 a)a. 
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that a similfkr scrip eWts in the/iase of the *stannii» acids; the 
products in which the primary particles are small are those wliioh 
wo call a-stannic acid, whilst thoswin whiclj the pAmary particles / 
are largest are called j?-stannic acic*^ This view explains why the 
/5-product is less'reactive in its chemical behaviour, ^^obably the 
same explilnatioi;‘raay bo extended to the analogous case of tHe 
titanic acids (Vol. II, page 241). , 

Another view of the spontaneous change from a-stannio acid to* 
/5-stannic acid depends on the amphoteric character of stannic 
hydroxide ; the change is regarded as being of the nature of salt- 
formation.^ «-stannic acid can bo regarded either as stannic 
hydroxide (Kn/OH),) or as stannic acid (HjSnO,); these may 
combine to form a salt, stannic stannate, water being eliminated. 
According to this view, the so-called /l-ayid is a salt of jthis ki/id. 

It is stated that when the two products are dried in air, the ^-body 
contains less water than the a-body. . 

If a-stannic acid is liberated in very dilute solutions, it is not 
precipitated, but remains as a nearly char colloidal solution. 
For instance, if a solution of Ipghly.. diluted sodium stannate is 
acted upon with an acid, or a highly dilute solution of a stannic 
salt with an alkali, no precipitate is observed; often, when 
stannates or stannic salts suffer hydrolysis by dilution, no gelatinous 
hydroxide appears ■ at any rate for some time. It is possible to 
remove most of the electrolytes from the liquid by dialysis, and thus 
to obtain a colloidal solution of u-.stannic add. However, when the 
colloidal solution is treated with a trace of hydrrwhloric acid, a 
precipitate of gelatinous a-sfaiuvc acid is usually obtained. 

The chargi^n the colloid particles of stannic acid ajrpoars to 
depend on the mode of formation. If the statinic acid is produced 
in alkaline solution, the charge is negative ; if in acid solution the 
charge may be positive. For instance, by the addition of dilute 
stannic chloride to excess of very dilute ammonia, followed by 
dialysis, a negative sol is produced ’; the charge on the particles 
is possibly duo to adsorbed (OH)'ions. On the other hand, by,, 
the hydrolysis of stannic chloride, a gel can be obtained which is 
prtsitively charged, no doubt owing to the adsorption of hydrogen 
ions from the hydrochloric acid, which is also a product of hydrolysis. 

If this add is gradually removed by wtJshing the gel, the colloid 
becomes first neutral and finally negatively charged.^ 

iW. Mecklenburg. ZeU^. Amrg. Chem. 64 (1909), 368 ; 74 (1912), 207; 

84 (1913), 121. ‘ 

• G. E. CoUins and J. K. Wood, Tnm. Ohm. Soe. 121 (1922). 441, 1122. 

’ W. BUtz, Ber. 37 (1904), 1095. r 

* C>. Glixolli, KoU. ZeUsch. 13 (1913), 194. Compare F. Powis, CT’WW. 
CAm. jS'oc. 107 (1915), 82*3. 
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When gelatinous *stanific aoic^ is treaiea small quantities 
of svdium l'._vtlroxide,*peptization occurs, and a colloidal solution is 
!:>^obtained. Tlie° gels cqnsist, o^ commie, of flocks of considerable 
size consisting of aggregates of Uie small primary particles in loose 
union. With^niall amounts of alkali, these flocks break up to a 
lafge extant, but the liquid still seems to coiftain fairly larg(^ 
‘‘ secondary aggregates.” As the amount of alkali is increased, 
these are broken up completely into the \ ery smalt jirimary partkdes, 
and the “sol"’ becomes niore stable.* Kinally, when the*alkali 
is prt'sent in large excess, the primary colloid particles are attacked, 
and the ])artielo-si/.e becomes molecular, an ordinary solution of 
sodium staimate being formed ; this has. of course, eonsiderabk! 
stability. 'I’lie gradual ])as.sag<^ from suspensions containing flocks 
of visible size through s'olloidal solutions to true salt solutions is, 
no doubt, a phenomenon common to most syst(uns of tlu' kind; 
a rather similar traii.sitiou is met with in the treatment of ferric 
or aluminium hydroxide with gradually increasing amounts of 
hydrochloric acid. 

The Stannates. Sd'diurii u-sCannate - can be prepared in the 
solid state by treating precipitated n-stannic acid with hot sodium 
hydroxide ; the stannic acid dis.solves quickly, and sodium stannate 
roon comes down as a crystalline preci])itat(' of eom])o.Hition 
Na,Sn(()H) 5 , or Na;SnO,,.3H Itean also be obtained by heating 
metallic tin wi^th sodium hydroxide, and sodium nitrate. 

The soluble u-stannic salts are mostly white substances wliicti 
are at once hytholysed when treated vritli pun! water, yielding 
gelatinous preei])itatcR containing*n-stannic ai-id or a basic salt. 
This can b(! ])reventod by the addition of free acid ’’rhe nitrate 
can be. oV.ained by the action of cold concentrated nitric acid on 
tin, but the solution readily gelatinizes if allowed to b(!Oomc warm, 
yielding metastannie acid. The sulphate, Snth 211.^804, is fortned 
when stannic oxide is dissoK’ed in suljdiuric acid. It can hi obttniit d 
in rhombohedral crystals closely resembling cubes by cai.'^iti.s 
~ ~^raporation of the solution.* ' . ^ . 

Stannic chloride, StiCl,, like germanium chloride, is a heavy 
liquid, obtained by the action of dry chloritu! on molten tin. When 
brought into contact witbj water, it dissolves readily, heat being 
evolved; from the solution various crystalline hydrates, such as 
SnClj.bHjO, can^be obtaiqpd. Tht* anliydrous chloride fumes in 
' damp air, the white fumes apjiareptly btfng due to a solid hydrate. 

* R. Zsigmondy, Zalftch. tinorij. C^ein. 89 (1914), 210. Compare W, 
Panili. Tram.'Famdaij Soc? lb (1921), Appendix, p. 16. ‘ * 

> F»r further details see H. Zocher, Zcitsch. dngn/. Chem, 112 (1920),t>. 

“ A. Ditto, Conplta Rend. 10^ (1887), 172.* 

M.C.—VOL. IV. I 



226 METALs'lkND METAllic COMPOUNDS' 

0 f »• 

The dilute %olttti(^n Ifydrolyses oivkecpirfg, and more rapidly when 
boiled, a gelatinous precipitate being as usuM produced. , 

Crystalline double salts with ^ potassium chloride and witlp-* 
ammonium chloride exist; they are usually known as potassium 
stannichlorid^, K,[SnCl,], and ammonium ssunnichloride, 
(NHjljSiiClo]; 'the latter is sometimes called Tlie 

apjwarunce of the common co-ordination number, six, \vill be noted. 

It is interesting to observe that the arrangement of the atoms in 
the crystals has been ascertained by the X-ray method. It is 
found that the six chlorine atoms are actually grouped around the 
tin atom at equal distances from it, being much closer to the tin 
atom than is the atom of potassium (or the radicle NH,).^ 

The insoluble stannic salts arc prepared by j)i ecipitation. When 
hydrogen sulphide is passed through an acklilied solution of startnic 
chloride, the sulphide, SnSj, is luoduced as a yellow precipitate. 
The same body is obtained when tin and sulphur, preferably in 
the presence of ammonium chloride, are heated together; under 
these circumstances tin sulphide sublimes, collecting as minute 
golden crystals. Like germanium s’llphide, it is soluble in excess 
of ammonium or potassium sulphide forming such complex 
salts as (NHiljSiuSj and These bodies, known as 

“ stannisulphides ” or “ thiostannates,” have in several cases 
bwn isolated in tlu! solid form, by crystallization of the solution. 

Stannic phosphate is obtained by preeipitatidn in the usual 
way ; it may also bo obtained by boiling tin with nitric acid in the 
pre.sence of any phasphate. Unlike nearly all other phosphates 
of the heavy metals, it is insoluble in nitric acid, and on this fact 
(kqrends the ’■ of tin in the analytical estimation of phosphates. 

B. Compounds of Divalent Tin (Stannous Compounds). 

Stannous oxide SnO, is obtained as a grey powder when stannous 
o.xalato is heated. The ignition of ai\ oxalate is a useful general 
method of obtaining the lower oxide of a metal; the decomposition 
of oxalates always involves the evolution of carbon monoxide, and . 
in presence of this rt'ducing gas, the lowest oxide of the metal is 
in many cases produced. The hydroxide Sn(OH)j may bo obtained 
by the normal method of precipitating a stannous salt with caustic 
alkali; ■ when drited over sulphuric awd, it is said to have the 
composition Sn(0H)j,H,0. 

The precipitated hydroxide is dissolved by excess of caustic , 
alkali, and the solution contains c “ stannite ” analogous to a 
zincate. SucTi solutions are, however,-very unstable. They are 

,1K. 0. Dickinson, J. Amtr. Chcf». Soc. 44 (1922), 276. The X-ray study of 
stannic iodide (Snl 4 ) is of .pecial interest, since it appears to show the existence 
of weltseparated molecules in the '■rysfali.ne stale. See R. G. Dickinson, 

J dmrr. CAsm. ih'oc. 45 1 19231. 958. 



readily oxid'zed by air yielding etannates. Even i^ oxygon is 
excljided, a solution”-of sodium,staiinito gradually dcooraposcs to 
. sodium stannate and metalli'j tin, the last-named substance 
appearing as a grey precipitate, tit is stated that potas.sium stannito 
is more stabllj^than sodium stannite.' 

' The solablo stannous salts are colmirless crystfUlino bodies, best 
obtained by the action of the acid upon th(! metal, for the 
production of the nitrate very dilute nitric acid must bo used, 
since otherwise stannic nitrate will be formed along wth it» The 
sulphate is formed when tin is dissolved in sulphuric acid, lloth 
salts show a marked tendency to hydrolysis, and a clear solution 
can only be obtained from the crystals by the addition of free acid. 
Stannous suljdiate is also formed by the action of sulphuric acid 
on stannojis chloride Indow ; if the temperature is raised 

further (130'’-200° C.), the sulphuric acid act.s as an t)xidi7.ing agent, 
and stannic sulphate, is the main product.- 

Stannous chloride is the best-known salt of tin. It is obtained 
by dissolving the metal in hot hydrcKihloric acid and can be crystal¬ 
lized in eolemless monoclinie cystals having the coinjiositiou 
SnCl2,2HjO. Tno solution in jmre w.ator is always cloudy, owing 
to hydrolysi.s, but is clarified by the addition of hydrochloric acid. 
The solutions, like those of all stannous salts, are strong reducing 
agents ; tlu'y can convert merc\u-ic chloride to mercurous chloride, 
or even to metallic mercury ; they also act U 2 «)n gold chloride, 
forming the so-called “ Puride of Cassius," a form of colloidal gold. 

Stannous sulphide is a brown precij:)itate obtained when 
hyflrogen sulphide is i)assed thrtnigh an acidified solution of a 
stannous salt. It is not of itself soluble in pnre colourless 
ammonium sulphide, but dissolves readily in the yellow mixture 
which often ])asscs under that name. This mi.xture contains 
enough free sulphur or polysuljjhide to convert stannous to stannie 
sulphide, and the latter eornjmund quickly dissolves in ammoidum 
sulphide, forming ammoidum stannisulphide. 

C. Miscellaneous Compounds. ' • 

Tin Hydride.’ Tin shows much less disposition to fombine 
with hydrogen than germanium, just as germanium ha" less aflinity 
for hydrogen than carbon and silicon. The existence of tin hydride 
has only recently been establishett When au^ alloy of tin and 
magnesium is diiSolvcd in Hydrochloric acid,* the hydrogen evolved 
contains tin hydride and- if p-sscitl through a heated tube—deposits 
• 

F. Fooreter, Zeitsch. iHekirochem. 15 (1910), 601, incfuUing footnote. * 
* Kf G. Dummt, Trans. Chem. Soc. 107 (19)5^, 025. 

> F. Paneth ailB K. FUrth, }kr. 52^1919), 2020: F. Paneth, M. Matthiea 
and B. Schmidt Hebbel, Ber. 55 (1922), 777. • . 
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a distinct rfirrof tfc. Tin hydjide is ^cry nnstable«and has only 
been prepared in any apjii wiablo quantity when diluted with a yery 
large proportion of hydrogen, but jf, has be<yi possible to prove that^ 
its composition corresponds to the formula SnHj. 

As in the case of germanium, various organic dMfvatives of tin 
are knowift As nfn example, the tetra-ethide Sn(CjH|i)ifanalogotl8 
to germanium tetra-ethide €le(C 2 H 5 )„ may be mentioned. 


Analytical 

The easy redueibility and low melting-point of tin make it a 
simple matter to obtain a bead of the metal by heating a compound 
suspected to contain it with charcoal and sodium carbonate in the 
reducing flame of the blowpipe. The head can be clissolvcd' in 
hydrochloric acid, and the solution tested for stannous chloride by 
the addition of mercuric chloride. A bsrax bead, which has be(m 
rendered blue by the addition of a trace' of copper, is turned to a 
ruby red colour when heated in the reducing flame with a trace of 
tin salt, ('j’hc ruby colour is, ot cousse, tite same as-that obtained 
in the commercial variety of ruby glass which contains copper 
reduced with tin.) 

Many of the so-called wet tests for ( in salts depend u]ion the reduc¬ 
ing action of stannous ('onqHmnds ; stannic salts will not r(‘spond 
to them. A stannous salt, for instance, will reducf> auric chloride 
to (inely divided gold (“ Purple of Cassius ”); but other reducing 
agents, such as ferrous sulphate, also reduce gold to the metallic 
condition, although they do not,«s a rule, produce the gold in a form 
having the-.''.i.iracteristic aj)pearanc(' of “Purple of Cassius.” 
Again, mercui-ic chloride is reduced to the white insolubJe calomel 
by the. addition of stannous chloride solution, or even to the grey 
metallic state ; but'.the same reduction is brought about by certain 
other reducing agents. *. 

'.lore characteristic, therefore, of tin compounds as a whole is 
the action of sulphuretted hydrogen; if this gas bo bubbled through 
an acidifldd solution of a tin salt, the whole of the metal is thrown 
down as a sulphide, which is brown or yellow according as it is 
produced from a,stannous or stannic solution. Both of those 
sulphides are soluble in "yellow ammonium sulphide,” complex 
stannisfulphides being in cachi case formed. Only a few metals, 
namely tin, molybdehumt germanium* and two''members of the 
next group, atsenic and antimony, give sulphides which are soluble 
,in excess of aipmonium sulphide ; the hqparation of,tin from all 
other metals presents, therefore, no difficulty, , 

Of the five elements ' mentioned»above, molybdenum and 



< 


229 


. ’ 'TIN ^ 

• 

germanium are but ^rarely met with in mixtures'containing tin; 

' mettiods of separating these metals have been described in the 
' ‘ sections devoted respectively to Vnolybdcmim and germanium. The 
separation of tin from arsenic afid antimony is more difficult. The 
l)est method ili separating tin from arsenic depends on tho fact that 
tin sulphffle is not thrown down from a strongly acidified solution. 

.All tho metals are first converted to the highest state of oxidation 
by treatment with chlorine in alkaline solution. Tho solution is 
afterwards acidified with hydrochloric acid, boiled to decoihpose 
chlorates, and cooled in ice; hydrogen sulphide is tlien hid)bled 
through the ice-cold solution, under which conditions only arsenic 
is precipitated; antimony and tin remain in solution. Tho 
senaration of tin from antimony is similar in princi])lo, hut is (airried 
o\it in a h»t solution Mfidffied with oxalic acid ; under these condi¬ 
tions, antimony is precipitated, l)ut tin still remains in solution. ^ 

An electrolytic, method of separating antimony from tin de])ends 
>ipon the electrolysis f)f a solution of the mixed sulphides in eon- 
centrat(!d sodium suljihide ; tho solution sho\ild ho made alkaline 
with sodium iiydroxidcand siiouh'. also contain (lotassium cyanide, 
which serves to destroy polysulphides and to reduce any pontavahmt 
antimony eompmmds to the corresponding trivalent com])oundH. 
If tho E.M.i'. applied to the cell he adjusted correctly, tlu! whole, 
of tho antimony is deposited, whilst tho less noblo tin remains in 
solution.- 

When tin h.as been freed from other motahs, it is usually brought 
into tho stannic condition and precipitated by means of ammonia 
in tho presence of ammonium nitrrtto, which prevents tho dissolution 
- or peptization—of tho precipitate i)yan excess 0 i ..mmonia ; tho 
precipitate is washed with a hot dilute solution of ammonium 
nitrate. The precipitate is afterwards ignited, and the tin weighed 
as stannic oxide (SnOj). An accurate moth id of estimating tin 
is to deposit it electrolytically from a solution containing exe<'ss 
of ammonium oxalate ; a good deposit of tin can bo obtained i.|)on 
„ platinum cathode. The solution nwst bo kept slightjy acid 
during tho process, sulphuric acid being added after 'electrolysis 
lias been in progress for about six hours.'* Tho process is rather 
slow ; in an unstirred bath, the electrolysis lasf^ aboui, twenty-four 
hours. 

Another peculiarity of tin which serves to distinguish it from 
other metals, except antimony, is the totioA of fairly concentrated 

• 

^ Details given in F. P. Treadwell's ' Analytical Chemntry.” Translation 

W. T. mn (Chapman & Hall). . 

* if. Fischer, Zeit^. Anorg. Cfiem. 42 (^104)# 363. 

• F. Henz, Z^Usch. Anorg. ^7 (1903), 40^ 
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hot nitric acid ufou the tnctul. tWhen this, acid adls upon tin, 
it converts it into “ mctastannic atid,” whicB is injoluble in nitric 
acid ; antimony is under the sam^conditions changed to an oxi^e^ 
insoluble in nitric acid, but the ntl^tals of more pronounced basic 
characters^ give soluble nitrates. ^ ^ 

On the peculiar action of nitric acid upon tin and’antimony 
rests a rapid but rather inaccurate method for the separation and, 
estimation of these metals in alloys, especially in type-metal, which 
contains lead, antimony, tin, and often copper. When such an alloy 
is heated with 90 per cent, nitric acud, the tin and antimony pass 
into insoluble hydrated oxides, which may be washed and filtered 
off, while the other metals arc converted to soluble nitrates, and 
may be estimated in the filtrat('. The mixed oxides are drifd, 
ignited, and weighed. When the combiiM>d wenght is laiown, that 
of the antimony alone is arrived at by treating the mixture with 
hydrochloric acid, adding crystals of* puns metallic tin, and 
boiling. 'File metallic tin reduces the “ nobk^ ” antimony to the 
metallic state, throwing down a heavy black precipitate of (demental 
antimony ; this (lo(;s not adh(U'e*to the inassivi! tin, but i!an easily 
be washed oft on to a filter paper, dried at IflO’f!., and weighed.* 
The weight of the antimony being kijown, that of the tin in the 
mixed oxides is obtained by difference. The inaccuracy of the 
method is caused by the danger of the formation of soluble tin 
rritrates in place of the insoluble mctastannic acid. Another cause 
of error is tho partial retention of other metals in the precipitate 
of tin and antimony. 

Many volumetric methods wfist for the. determination of tin. 
Of these, the "titration of a solution containing tin in tho stannous 
condition with iodine appears to be the most convcpient,^ A 
little starch is added near tho end-point to .serve as indicator. 

Terrestrial Occurrence 

Thojico-chomistry of tin is of exceptional interest.^ The moF='.. 
which exited—like other valuable metals—in only small amounts 
in tho original magma, has become concentrated during the con¬ 
solidation'of igneoys masses in the highly siliceous portions which 
have remained liquid to tho last. PraAically all the tin ores are 
connected with hjghly siliceous Igneous rooks (granites), and tho 

« « X 

^ M. Mangin, Chem. ^0 (1890. ^3- 

* Tlie difiereni mothoda are cornparod by J. G. F. Druee, Chem. News^ 121 

,(1920), 173. , • * 

* H. G. Ferguson and A. M. Bateman, Econ. Qeol. 7 (1^L2), 209 ; W. 

Linagren, Trana. Amer.'"i'lat. Min. En^. 30 (1900), 613; J. H, L.*Vogt, 
Trane. Amer. Inst. Min. Eng.^l (i^l), 115. » 
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tin generally occurs in—or closj to—the quartz-'vein* which are 
found cutting the gfanite-nias|. The quartz-veins represent tho 
H/Piost siliceous part of the granitic magma, which remained liquid 
after the rest was solid, and ndiich apparently in tho very last 
stage of tho t|)lidification was squeezed out through any cracks 
which had formed in tho already solid part of tho'gnmito and hard- 
_ ened in them. This siliceous portion was naturally comparatively 
rich in tin, and, if tho tin merely occurred u'ilMn tho quartz-veins, 
its presence there would cause no surprise. But, curiously enough, 
tho tin is found not only in the quartz-veins, but within tho granite 
walls on either side of tho quartz-veins. Tho granite has under¬ 
gone marked changes where the stanniferous ([uartz-voins have 
passed through it; tho felspar has become changed to mica—often 
a lithiunijbearing \ anety -and various minerals not present in 
ordinary granite are found in tho changed granite, or “ groisen,” 
as tho rock is called. The minerals found in groisen include com¬ 
pounds containing boron, .such ns : - 

Tourmaline . . . {Na„Li|.„Mgj,t'a3,l''e.|,AI.,H2)SiOs; 

compounds coidaining fluorine, like :— 

Topaz.(AlF)jSiO, 

Fluorite ...... (.'aFj 

and Fluo-Apatite ..... (CaFlCajfPO,),; 

compounds ctmtaining lithium, such as ;— 

Triphyllite . . . LiFePO, 

and Lepidolite (lithia-miea) . KLi[.41(0H,P}2]Al(Si03)j; 

and—most important for our pilrpoao—tho oxide of tin, 
Cassiterito.SnOj. 

Tho character of the change in tho granite suggests tho view- 
now generally held—tliat it has been brought about by hot vapours 
given off from the rock in tho last stage of tho consolidation pro¬ 
cess ; it is noteworthy that the elements fluorine, boron,, nd lithium 
have all volatile compounds, and thojf presence in an ore-uoposit 
is generally regarded as evidence of pnoumatolytic -.iri^n. Tho 
almost invariable association of tin with fluorine suggests that the 
tin has actually been given off as the vaporous fluorida, SnF,. 
This has probably acted upon the silicates at the graiiito, yielding 
cassiterito (SnOj) and minerals,containing ^uorine, whilst tho 
lithium and bflron also Resent in the vapours yield minerals like 
lepidolite and tourmaline. ThA latter mineral appears to be formed 
mainly from the felfiipat of the granite. There is little object in 
attempting to express these changes by definite equations, since 
evidently ea»h mineral equally well bS regarded as being formed 



232 MBTALS AND METAIffc COMPOUNDS' 

• ® # * t 

in a number oP ^ifftfcent ways. ,The sfmpl^t possible mode of 
formation of cassiterite from tin fluoride would be through hydroljfsis 
by the aqueous vapour j)rescnt f 

, SnF, + 2HjO =-*SnO, + 4HF, y 

and if thiff is rogitrded las tho primary reaction, wo muift suppose 
that the hydrofluoric acid formed next acts on tho silicates producing 
\ fluorides. 

A good deal of controversy has arisen at different times among 
geologists as to whether various ores have been deposited by tho 
action of vapours {pne.nmatoh/tic agency) or of thermal waters 
(hydrothermal agency ); but tho matter is possibly less important 
than is usually supposed. Many of tho substances evolved from 
tho rock magma must—at tho moment of ovalution—bo ajjovo their 
“ critical temper.atures,” tho point at which all distinction between 
iho liquid state and tho gaseous state vanishes. For convenience 
we may refer to the water given off from the magma as being in 
a “ gaseous ” state at tho moment of its liberation, and as becoming 
“liquid” during its jiassago upijardsithrofigh the fiesures in the 
earth's crust; thus the tin ores which are formed low down can 
bo regarded as “ pneumatolytic ” in origin, whilst tho ores of 
copper, lead, and zinc, which ap])ear at a higher point, are spoken 
of ns being formed in a “ hydrothermal ” manner. Ifut it is not 
certain that there is any sharp distinction between tho two classes 
of ores. 

Tho mineral, cassiterite, referred to above, crystallizes in the 
tetragonal system, and where thcfccryslals have been allowed free¬ 
dom of growth well-developed tetragonal pyramids or prisma are 
often obtained; in other cases, botryoidal growths of tinstone, 
showing a radiating fibrous structure when broken open, are mot 
with. The lustre is ajlamantive ; the colour may be white if pure, 
but is more often dirty yellow or brov. 71 , giving the mineral a 
“ wqpden ” appearance; sometimes, if very impure, cassiterite 
may bo black. It is a heayy mineral, tho specific gravity beijjg 
about TO. • 

The ordinary ores of tin, produced by pneumatolytic agency, 
generally otcur much deeper in tho earth than the ores of copper, 
lead, and zinc, the origin of which is commonly ascribed to ascending 
waters. Jn fact, a|^ already mqjitlonod, the veins of tin usually 
occjjr within, or very close, to, the intAisivo igndbus mass from 
which the tin was derived. Thus tSie iin-orcs are to a large extent 
free from such Wvy metals as copper, lea^jl, and zinc, although 
comnjonly mixed with,tungsten min,erals. In Cornwall, for in¬ 
stance, the copper-ores and tin-ores are connected with the same 
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series of intnasions, but fbe coj^r-veins ars* cfyifparjdivoly near 
the surface, whilst tfin tin-voint exist at a much lower depth.* 
^The main tin-fields of the world are found in the regions affected 
by folding of the Horc 3 mian (post-carboniferous) system. It is 
quil;p likely tfiljt tin-ores have been produced by the later oarth- 
movementS which occurred in tertiary timest but "they lio too deep 
^to be accessible. In the case of the earlier ores, time has boon 
allowed for denudation and subsequent earth-movements to render 
these ores accessible from the surface.- 

Tho fact that tin-veins are often only a few inches in thickness 
and that the tin occurs largely in the wall-ro(d<, makes it impossible 
to mine the tinstone without bringing up a large amount of worthless 
material. 

It is prqj^)ablc that thepnajority of 1in-or(w have the pneumato- 
lytic origin suggested above, but there are certain cases whore 
they have been formed m other ways, (ierlain ores in I'erak,-' 
which occur in limestone, appear to have been deposited from 
thermal w.aters given off from an intrusive mass, like the typical 
ores of such nvotals as zhic, hmd, i^nd coj)pcr. On the other hand, 
in certain American ores, nof alily those of fVirolina,’ the tin occurs 
W’ithin dykes of pegmatifi' whilst it is practically absent from the 
widls of the rocks through which the pegmatite passes ; evidently 
here the cassitorito «as deposited from the fused state. 

Where rockS threaded by tin-bearing veins are subjoctoii to 
weathering, the cassiterite crystals withstand the action of the 
agents of change fairly well; they are not chemically attacked 
but are carried off by the running waters, and, along with other 
detrital matter, find a way into streams. But as iy invariably the 
case v^ith, heavy minerals suspended in water, the cassiterite- 
grains are dropped as soon as the velocity of the water becomes 
reduced, along with other heavy minerals, lik« wolfram, and also 
the coarser sand-particle?. Thus important placer-deposits and 
gravels containing grains of cassiterite (“ stream-tin ”) an foriyod 
.i!)M*the beds of the rivers which rise iq hills containing jiriniary 
tin-ores. 

The principal tin-ores of the world are found around the i’aciflc 
Ocean. The imjxirtant deposits of Bolivia® are pot.'^a^s a little 

‘ Comparo H. Louis, J. Soc. Chem. Ind. 39 (t920), 194 r. 

* J. W. Gregory, Trana, Chan. Soc* i2l (1922), 771). ^ 

*W. R. Rumboli)? Trana. Af.mr. Inat. Min. Eng. (1906), 879, Compare 
K. A. F. Penrose, J. Oml 11 (1903), IS!). * 

* L. C. Graton, U.S. Gaol. Sur^. BaU. 293 (1908), 31-57, See especially 

page 43. • J 

* A. F. Wehdt, Trana. Afher. Jnat. Min. Eng. 19 (1890),*99; W. R. Rum-* 

bold, ®<»n. OeoL 4 (1909), 321; H. Bancroft, Tiqres. Amer. Inat. Min. Eng. 
47 (1913), 173. • .. • 
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jxceptionalt Tha tiA compounclji are 'generally fo«nd in veins 
containing sulphides of silver, iron, copper, "Zinc, and load, which 
»ro thought by some geologists to mive been deposited by asoendipS^ 
thermal waters, although other iluthoritics hold that oven here 
the tin is maiflly pnoumatolytic. The tin is maj/ly present as 
cassiterite? but Some < of the ores are said to contaift complex 
nilphides such as 

Stannitc (tin pyrites). . . . 011.^8.FoS.SnSj. 

'Tin appears again in Mexico, but ores of a more normal char¬ 
acter are found in Alaska *; these occur in groison, and arc associ¬ 
ated as usual with compounds of fluorine and boron. Placor-doposits 
derived from the original lodes are also present. 

On the other side of the Pacific, some tiji-oro is found in China, 
Burma, and Siam, but far more important deposits otcur in the 
Malay States (especially Perak and Selangor), Siam, and in the 
islands of Banka and Billiton (Dufeh fiidics). Hero the tin-ores 
are associated with lodes, some of which cut granite, but others 
are found in limestone some gcologiste regard the tin-oro in 
the limestone as having been ftoposited from iuscending thermal 
waters, rather than as duo to jmeumatolytic action. Derived from 
the tin lodes, a rich scries of stannifciSjus alluvial deposits occur in 
the various river v.alleys ; until recently those alluvial deposits 
constituted the only important source of the tin-ore, although the 
lodes are now also worked. Tungsten occurs in considerable 
quantities in some of those ores. 'Tin-ores are also found in Queens¬ 
land, Now South Wales, and Tasmania. 

Outside the j’acific Circle, tflo most characteristic ores of tin 
are the tin-veins connected with the granite intrusions of Cornwall, 
England, which have already been referred to. Here also wo find 
the conversion of ^granite into greisen and tourmaline-granite. 
'Tungsten is present'in many of the ores. 

Tin-ores also exist in Nigeria and in* South Africa. 

Metallurgy akd U.ses 

' In view of what has been stated in the preceding section, it is 
not surprising that the average tin-ore—as mined—contains only 
a comparatively small amount of cassiteHte (perhaps 1-6 per cent.) 
dispersed throughout a large aindimt of material, most of which is 
worthless, although minej-als containfhg certaid other valuable 
metals—such as tungsten—also'occur in the same ores. It is 

i * 

• » A. J. Co\\iQT,*EHg. Min. J. 76 (1903), 999.* • • 

R. Rumbold, Tnnw. Amer. In8t.*Min. Eng. 37 (1906), 879; W. B. 
Middleton, Trane. Inst. Mm. Met. 2| (1914rl6}, 300. * 
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necessary to* subject^ the’crudojoro to a cUntjrftratitiii process, 
firstly in order Jo eliminate the inain part of the worthless matter, 
secondly to sopasato tin ^iid tungsten from one another. 
Afterwards tire tin concentrators subjected to the true motallur- 
gicaj process ;^ince tin is an easily reducible metal; the metallurgy 
proper is ifctually a simpler problem than the prAiminary dressing 
,of the ores, l^inally the crude metallic tin is refined. 

There is an obvious advantage in conducting the concentration -i 
at the place where the ore occurs, so as to avoid the transpert of 
the vast mass of worthless matter. And since the reduction process 
is sufficiently sitnplo to bo capable of being carried on oven in a 
comparatively undovelo))ed region, tho metallurgy also is often 
conducted on the spot. For instance, tho ore found in tho Straits 
Settlement^ and Malay rgiiusiila is largely 8m(ffied in those regions, 
an important smelting centre being Pulo Brani, an island near 
Singapore.1 On t he other*liand, there is a considerable tin-smelting 
industry in several of tho more highly-dovoloped countries, depend¬ 
ing on ores or concentrates obtained from overseas. The British 
tin industry, which oriJ;inally gri»w uj) owing to tho existence of 
the Cornish tin-ores, now depends largely on concentrates from 
Bolivia^; a number of mines in Cornwall were still producing in 
1020,’ but tho mining industry has since come almost to a stand¬ 
still.-* 

Concentration of Tin Ores. Tlw! first stage of tho concen¬ 
tration usually depends on the fact that cassiterito is much heavier 
than tho quartz and other siliceous material with which it occurs. 
Where lode oro—as o|)posed to stniam-tin ”—is being used, it 
mu,st first be reduced to .small size, by mi^ans of'st.nnps or rolls. 
The orusiicil on^ is cairied by a stream of water to tho Wilfley 
tables, where the heavy particles of cassiterito are caught behind 
riffles whilst tho lighter gangue particles o.re'washed over them. 
These tables, however, tail to retain tho smaller particles of 
cassiterito, and usually the more finely-crushed portions ef 'tbe ’ 
or» are treated separately on a “ vanncr.V 

Where—as is usually the case in tho Malay Peninsula—the 
main ore is of the nature of a placer-deposit, stamping is unneces¬ 
sary, and the gravel is “ rj-ashed ” like gold-gra^'ol; tho suspension 
of “ dirt ” and water is passed, through a series of sluice,-boxes. 
The heavy causitcrite gets^ caught •behind tho »iffles of tho sluice- 
boxes and is thus recoveted. „ ' -j 

* J. McKillop and T. F. fillis, Pret. Inst. Civ. Bng. 125 (1896), 145. 

• >R. PeAt,-U«a. Enj.'ffiorM, 42 (1915), 643. ‘ ♦ 

’"J. Soc. Ohem. Ind. 39 (192C), 207r. , • 

•See B. Seeftt, Min. lnd.^0 (igjil), 6-f6. 
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But, altttbugB ^afity soparatijjn succeeds in remoring the light 
silicate-minerals, % leaves the tii^tone mixfed with other heavy 
minerals present in the ore; t heie include wolfram, whiohJ a-dStr 
value as nf fiingste n. irtiii^itcs and o ften arsenidfla— 

such as n ug pickM ( FeAsSl . Sometimes copper mine^ls, like copper 
pyrites (ChFeSj),* may«bo present in small quantities. The sepafa- 
tion.of tlwse materials from th e tin concen trates, depends oiji the , 
fact that they arpjIigTitly magnetic, or at least beco me ma gnetic 
oiUro astm^ whereasT^Tuistone is practically non-magne tic. 
The concentrates arbUSt roasted ; multiple-hearth muffle roasters 
are used at one American works,' oil being used as fuel, whilst in 
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23.—^Wotherill Maguotic Sopamtor. 


works under British management roasting in rovolving^oylinders 
is generally preferred. During the roasting process, most of the 
sulphur and arsenic" arc eliminated as ,oxido, and the latter can 
bo recovered in a suitable condensing plant; moat nf the iron 
c. onWted to the magnet ic oxide (FosO,). The roas ted Ore is fe n 
teeatec t in magnet ic separator ; one of the patte rns lle^neifmy 
^etherill ( such as have been referred to in connection with the 
ores of tupgston and thorium) ig ^comm only u sed fo r_ tin-or fla (see 
Fig. 23)., The ore Is fed at H onto”ar{K^IIing bStA; the belt 
carries it first below a comparatively weak magnet M„ which, 
however, is able tb li^J. th^ highly magnetic iroi* oxide from the 
travelling belt, and to keep it preased^against the under-side of the 
belt B which is running at right-pngles ; Jthus the iron is removed. 
A second magnet, Mj, considerably stron|cr, is able ‘to lift thfe 

>E. H. Vaih'BngJ Min. J. 101 921. • 

• • 
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slightly magsetic woUrairf, wh'icji is remove^ by the fcelt C, col¬ 
lected separately as*a “ tungsten concentrate,’* and sent to the' 
tungsten works ; the non-ma|netic cassiterite remains on the 
original belt, and falls off at The tin-concentrate obtained by 
this—or simiftr-—ore-dressing process is known an “ black tin. ” 

Ill may CQn taw?t i5-90 per cen t, of pure tii>.oxid6 (Si iOt), thaf js, 
about 50-70 per cent. of^m>tallic Jin. 

Smelting. The crude tin oxide (“ black tin ’’) obtained by § 
concentration is next smelted to the metallic state, by heating 
with carbon—usually in a reverberatory furnace. Since there is 
alw ays a little siliceous matter left i n the (am ennt,rates U k gnncrivlly 
necessar y to add ll iixing material.^ such l ime and hiiorspar. and 
a Jittle slag will accordingly bo formed. The amount of slag pro¬ 
duced should, howevei^ be kept as low as po.Hsible; for whether 
the slag be siliceous or basic in character, it will certainly a(d as a 
solvent for tin oxide, uhiSh is an amphoteric substance, being dis¬ 
solved by siliceous slags as tin silicatis and by calcareous slags as 
calcium stannate. However carefully tin* composition of the slag 
is adjusted, the slag almost iit\ ari»bly contains tin, and is generally 
treated in n subsequent operation for the recovery of (his metal. 

The type of nweiduuat«u^-fwBacnjiaedJii. tinjuaelting ia hIuiut). 
in Fig. 24. "n TieTii^biirn.s on the grat e; 0._and the (lames, passing 
w ecJJui-iimJuidge B. are detlected on to the cfmri;ir |jTa(!ed^pu» 
the hcajdib-H.* In a typical furnace the dimensions oftne hearth 
may be 10-20 ft. in length, and 8-12 ft. in width.' But some 
modern American furnaces are considerably longer (38 ft.)- a 
feature which is, of course, eharac4eristic of American mctallurgi(ial 
design." ’ 

O^he, charge coJisists of cassiterite concentrate (“black tin”), 
coal (sometimes charcoal), and often misccllancotis tin dross or 
similar tin-bearing material which accumulates in the subsequent 
refining of tin, and in other industrial processes ; flu.xinj{,njfltcrial,s, 
such as lime and fluorsnar . arc added - as already exptainedo hp • 
small q un.nt.it.i ea The charge is shovellad on to the hearth, through 
a door, C, in the side, and is spread out, the fire being damped down 
during the charging. Then the damjtcr is opened, and (ue tem¬ 
perature raised until the charge melts and thy tin o"i.!e becomes 
reduced to the metallic state by the coal. The charge Is rabbled 
from time to tinje. After some hours, the tin a^d slag have separ¬ 
ated into two layers ; they may be nit# out'Separately,^ or, alteega- 
tively, they are nm out tojjetfier into a settler yhcre they are 
jllowed t(i separate. -The tin i^ sent to the reljnery; the slag, 

•Compare W. H. Jacobson, /nd. (Wati 20 (1922), 106. 

* R. H- V-rftI- AW Min.J. 101 (ISlttf. 927. 
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which oftc* co«tain%5 per cent, oftin.^s afterward^Smelted with 
iron or anthracitS in a reverberatory furnacf?—usually at a rfther 
higher temperature—for the recovery of the metAl; limestone 
sometimes added as a flux. •» 

Although thn reverberatory furnace is most comnijnly employed 
for tin-snKilting In Eufopo, blast-furnaces are in us*o at Banca, afid 
in primitive works under Chinese management throughout the 
Malay Peninsula. Water-jacketed blast-furnaces arc used in 
America. The blast-furnace gives a higher temperature than the 




Fia. 24.—Kovorberatory Fumaco'for Tin smelling. 


reverberatory furnace .and-is likely to cause the reduction of jron 
and other‘impurities to the metallic state, thus tending to produce 
a very imjmro tin ; however, where, as at Banca, the ores are very 
pime, or where—aij. in America—the rngtal is intended for subse¬ 
quent electrolytic refining, this objection is not fatal. The employ¬ 
ment 6f the bla gb^uniace_in volvcB ja certaiiy loss of tin by 
v olatiliza tion. ’ * ^ 

Electrothermal smelting-processes ior tin have found their advo- 
ipates,* although the use of so expensive a method of heating would 

» See Mcl. et AKiages, 7 (I914), No. 10, p. /. 

% • 
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seem difiScult^to justify foi*the reduction of su#1i a fcadijy roduoible 
met^l. The exporinflsnts made on this subjccifarp, however, of 
^iterest as shotting tha^t, in sjiiRs of the high temperatim) usually 
associated with the elcctrio funriace, Joss of tin by volatilization 
and by passaje into the slags can be made snialj .* 

‘Refining. £ven tin produced in the iwsrberaltory fiflnarse will, 
^of course, bo contaminated with other metals present in the con¬ 
centrates; the main impurity is irgj), but ars enic, sulphur. ainL -t 
tungsten arc often present . Much of the iron and tungston can 
l ^rcmovcd by “ liquatio n.’’ This can be carried out in several 
ways, but the principle is always the same. The crude tin may lie 
introduced into a gently-heated reverberatory furnace, provided 
wij:h a sloping hearth ; the tin melts, and runs away, but a more 
infusible ipaterial is h<t,behind. This is essentially an alloy of 
iron and tin often containing sulphur, arsenic, and tungsten, ft 
can'bc melted by furthea raising the temperature, and sepaijites 
on cording into two layers, the upper layer being impure tin, and 
the lower being a material called “ hardhead ” consisting of Iron, 
tin, and arscHic.* * • , ' 

The liquated tin is still not pure, and is further treated by poling, 
that is, by }dunging pides of wootl below the surface of tbe iiudten 
metal contained in a pot. ft should be noticed that the poling 
of tin is an oxidizimj process, not a reducing process like the poling 
of eopjier; the evidutioii of gases sinqily serves to agitato the 
metal, shooting up globules into thii aiiq and thus bringing the tin 
into contact witji o.xygen ; iron, tungsten, anil bismuth are oxidized 
and collected as a “ scoria ” on th;; surface, which can be removed. 
Other and more rationhl means of agitating the liquid in order to 
oxidizp tjie impurities have been used. In America, an agitation 
by compressed air has been employed, whilst at Pulo Brani a cer¬ 
tain amount of purification is said to be obtained by ladling the 
molten tin from one kettljD to another, each ladle-full being jioured 
from a considerable height (4 ft.), so that the molten ' etal fells 
in a thin stream into the kettle, and in thus brought into ccniaet 
with the air. 

After these refining processes, the tin is generally pure enough 
for most purposes ; it is allowed to stand for some iui.n, so as to 
allow the heavier survivifig impurities to settle, and is ladled out 
into moulds. The tin obtained! fjom the upper portions is the 
purest. * ^ 

Some ores, especially thoss of*Bolivia, yield a tin which is very 

• ^ For expfcrimente ou tile elimination of iron and arecinic from Ixardltoad 
by IXBsemerization, see D. M. Levy and D. Kweii, I'rans. Inut. Min. M^. 18 
(1909), 406. • ' " 
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difficult to|)urily by/ffiermal metjiods, aftd the electp)lytic refin- 
init of tin has b^en started on an industrial* scale in New Jersey. 
The problem is rendered diffieult Owing to Jhe faet‘that the depc^ 
of tin obtained on the cathode by the electrolysis of an ordinary 
tin salt solution is usually of an incoherent dendAtic crystalline 
character.* Howfever,,baths containing the tin as fSuo-borate,‘fMo- 
silicatc, or sulphate—rendered distinctly acid and treated with a 
colloid such as gelatine or peptone—appear to give fair results! 
In the New Jersey plant, a fluo-silicate bath containing glue as 
an addition agent was used at first, but sulphuric acid was added 
to precipitate the load which was always present in the crude 
anode material. Later it was found ])ossible to replace the fluo- 
silicate bath by a bath of tin sulphate; the iidditicm agents are 
understood to bo glue and phenol-sulphoiue acid.' ; ^ 

Uses of Tin. The main applications of tin depend upon the 
resistance of the metal towards corrosio*. In moderately pure air, 
tin retains its brightness indefinitely. The air of towns, which 
usually contains sulphur dioxide and sometimes hydrogen chloride, 
may cause—it is true—a distfoloration‘of a tin surface; but 
there is no real corrosion. 

Tinfoil has heen used largcdy for^ the packing of perishable 
materials, although aluminium foil is tending to displace it for 
this puri)Ose, A much larger proportion of tin is used for coating 
less resistant metals, such as iron, lead, and copper. *OopjxT vessels 
are often tinned internally, copper wire for electrical purpo.ses is 
often protected with a layer of tin, whilst lead piping is sometimes 
covered with tin. But far moin im])ortant is the emiiloyraent of 
tin for coating ^nild steel in the jtroduction of tin-plate. 

Tin-plate 

r 

The production of tin-plate is one of.thc most imj)ortant Indus- 
trijia in South Wales and Monmouthshire, whilst large amounts 
are made in the United States, Germany, and other countries. 
Tin-plate consists of tffiin sheets of low-carbon steel covered Ivith 
ar very thin film of tin. It is almost always manufactured by 
dipping the steel sheets into molten tin. If the tin layer extends 
completely over the iron surface, the fusting and pitting of the 
latter uietal is cony)letely prevented; but, if, owing to the presence 
of dust-particles on the irqu surface at*the time Vhen it is dipped 
into the molten tin, pinholes are ieftiin the tin layer,'the tendency 
to rust at these points is actuallj' increased by the presence of the 
• • • • * ^ 
*C3. F. Kem, Trans. Amer. Electrocltert^. Soc. 33 (1918). 155; 38 |1920), 
H3, 164. * ■ 
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more noble metal. ‘In this rdpect, as has explained more 
than once, “ Winning V.is actuall^nferior to “ ziilhing,” as a moans 
of preventing tite corrosion of tlw iron. But, for this very reason, 
ffittned iron is pormissibfe for tho,canning of fruit and moat Ixicauso, 
if any solutioi® of motal by tho acid in the fruit does occm-, it will 
ba rtio noij-poiSbnous iron, and not tho poigonoiis tin, which will 
pass into solution ; while tho use of zinc-oovorod iron would have 
4atal results. Other imfiortant uses of tin-plato vessels include the 
storage of petrol, biscuits, confectionery, and tobacco. 

Tho sheets to be tinned arc usually made by the hot-rolling of 
bars of steel containing about 0-1 per cent, of carbon. By pro¬ 
gressive rolling, the thickness is gradually reduced until it is only 
about ill, in. 'I'ho sheets are then pickled in dilute sulphuric 
aoW to remove the oxid^-scale, “ size ” or dextrin being sometimes 
added to the acid, to restrain its attack on tho metal below the 
scale,1 They are then annealed, rolled cold to give smoothness 
and polish, and annealed a second time. Afterwards they are 
pickled a second time to render tho surface free from iron oxide, 
and, after washing, aroiready for tinning. 

Tho baths I’i liquid tin, contained in open tanks, are kept 
molten by a small fire below ; very little fuel is needed to keep 
tho motal licpiid owing to the low nielting-jioint. Where the plates 
pa.ss into the bath the surface of the molten metal is covered with 
a l.iyer of fusg(i zinc chloride, to ])revcnt the formation of a scum 
of tin oxide ; each plate, U])on entering the bath, is caught inechani- 
eally upon a revolving drum which turns it over, and guides it 
through the tin and fimdly passes it out of tho bath. Where tho 
shei'ts emerge from thi' bath, they pass through a layer of palm 
oil, or hydrogenized cotton-seed oil,- and a pair of rolls removes 
excess'of tin. Each sheet passes mechanically through about 
four of these baths, and is then taken out, and dusted by being 
passed between felt rollers.'' 

One of the problems of the maker of tin-plate is tho saEsfaotory 
working up of the “ dross ” or “ tin scruff which collects on the 
surface of the molten tin. This contains chlorides of tir: and zinc, 
besides jialm oil and its decomposition products, and much n.etallio 
tin. It is skimmed off, and is periodically treated for th' recovery 
of tin. Much of the tin. jwhich is already in the metaUic state, 
can be obtained by “ liquation ” in a furnace, but a large amount 
passes away as the volatile^ihloride.* If the gasiSi from the furnace 
are passed through depositing Jotwrs, a groat deal of tin is deposits 
as oxide in them. The gases si^puld pass through* wash-towers, 

•* H. S. Bailey, ChemUtry and Industry, 42 (1923), 38*. * 

‘ W D. CoUins and W. F. Clsrtaj, J. Ind. Bn» Ghent, 12 (1020), 1«. 

•T. L. BaUej^ J. Soc. Ghent Jnd.,37 (1918), USr. 

M.C.—VOI,. ly. 
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in which the free fydroohlorio acH is absorbed by^ water, before 
they are discharged into the at&osphere. .• 

The character of the protectivt layer existing on tin-plat^ is a 
little uncertain. Many authorittps consider that alloying of fiBb 
tin and iron occurs, and ascribe to this fact the rctnarkably good 
adhesion,of the'tin ^ftyer to the underlying metal, f^mo nficro- 
sections have, however, been published, which would seem to show 
that the passage from tho protective layer of tin to the steel is 
usually an abrupt one, although it is found that an intermediate 
layer appears if the immersion of tho iron in tho tin has been 
prolonged. * 

Wet Tinning Processes. Tho immersion of metal in molten 
tin is, essentially, such a simple operation that for most pimposes 
there is no formidable rival to that method of tin-plating. ' In 
tho immersion of small manufactured articles of brass and iron, 
such as “ hooks and eyes,” obvious difHoulties will arise, however. 
Objects of this kind are often plated with tin electrically. 

Tho articles are made the cathodes of tho plating cell; they 
are usually placed in tinned sicyes vnmeised in a solution of a tin 
salt, and largo anodes of pure tin are hung above them. An K.M.F. 
is applied, and tin is dissolved at the anode and deposited on tho 
articles, which are turned over occasionally. As in the analogous 
case of silver-plating, the concentration of tin should bo maintained 
by tho dissolution of the anode. If, however, tho 'current density 
at tho anode onco becomes too high there is a danger that tho tin 
will become passive, and tho current commences to cause, instead 
of the dissolution of the metal, an evolution of oxygon. On this 
luicount the electrolytic deposition of tin needs constant care. 

Much work has been devoted to tho invo.stigation of different 
solutions with a view to obtaining a bath which will give a really 
g(X)d deposit. Nimo of the baths appear to be ideal; tho solutions 
generally contain either ammonium oxalate, sodium phosphate, or 
8("lium tartrate in addition to stannous chloride. No doubt com¬ 
plex anions containing tin are produced, a state of affairs which is 
favoUrabio to tho production of a smooth deposit of tho inetal, 
■just ns, in silver-plating, tho best deposits are obtained from a 
complex cyanide bath. One additional advantage of tho presence 
of tartrates is that they prevent the ^cipitation of stannic acid 
through hydrolysis. But, if a tin deposit of any thickness is 
required, difficulty is- like’y to bo mcB'with owiftg to the tendency 
of tin to form a dendritic crystaflim deposit—a tendency common 
to all soft metals. It is stated that by tho addition of certain 
coljoids—notably peptone—to a plating bath containing amqjonitim 
' L. Mayer, SkM u. Eisen,. 38 (1918), 960. 



tin oxalate, pood smooth deposit^ can be obta'.ned. Aiother bath 
which is said to give “good results contains phcnol-sulphonic acid.® 
, Tin-recovery from Tin-plate Scrap. In the manufacture of 
biscuit-tins, meat-cans, and similar articles, a great quantity of 
cuttings and shavings of tin-plate are produced, wliich may repre¬ 
sent an aulount’of tin worth recovering. It .niglit also bo expected 
^that, in view of the high price of tin, the dia\ised tins which are 
obtainable in quantities at the refuse-destructors of all big cities 
would also prove to bo an important source of the metal. This, 
however, is not usually the case ; tlio layer of tin on the iron 
surface is very thin, and the volume occuj)ied by the average 
cannister is very largo in proportion to the surface ; hmice it will 
often come about ttiat a truckload of old tins will not contain 
enough of (.ho valuablcwetal to pay for the haulage to the works 
where the tin would bo recovered. 

Tin-plate cuttings are, however, compact, and are produced on 
the spot, and it may often prove profitable to treat them for the 
recovery of the metal. What is needcul is some chemical reagent 
which will dissolve the tin a.id leave the iron unattacked; most 
reagents, e.g. acids, attack the iron preferentially, owing to its 
more reactive character. On the other hand, certain alkaline 
liquors, such as a boiling solution of sodium hydroxide and sodium 
nitrate, attack tin with great avidity, but leave the iron in the 
passive condifion. The solution produced deposits crystals of 
sodium stannato on cor)ling. The stall nate is redissolved and the 
solution is precipitated with sodium bicarbonate, giving stannic 
oxide—which is used in the enamel industry. This proco.ss is 
used on a largo scale in America." 

It is found that if tin-plate is exposed to dry chlorine, the tin 
on the surface is attacked before the iron layer below. 'J'he Gold¬ 
schmidt process,'* based upon the extraction of tin by dry 
chlorine gas, is worked on a largo scale at Essen, and elsewhere. 
The Scrap is cleaned, carefully dried, and packed in baski (s, p* > od 
in closed vessels, and treated with chloMiie gas until the jiressure 
becomes constant, which is a sign that all the tin has been attacked. 
The gas is then drawn out by aspiration, and comes out enarged 
with the vapour of stannic chloride; the stannic chloride is con¬ 
densed and is generally sent to the silk mills for use in the weighting 

* F. C. Mathora n »d B. W. Quekrum, 5'rar v At%er. ^kclrochem. Soc. 29 
405, 411. Compare F. C. Mathers oud W. H. Boll, Trans. Amur. 
Eketrochem. Soc. 38 (1920), 136. , 

■W. Lange, Zcitsch. MctaUhinde, 13 (1921), 272. 
d See jflTel. Ehem. Eng. 17 rf917), 187 ; L. Uookspill, Chint. et Ind. 2 (1919), 
1161. • , • 
*K. Goldsclimidt, Slahl u. E-sen, 28 (190S), 1919. 
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f silk, whitet t#e iron left behind is washed and is th*ft sufficiently 
ree from tin to 15e used at the steel-works f6r steel-making., 

Various attempts have boon made at different fimes to recover 
ho tin electrolytically. In most of these processes, the tin-scrap, 
lacked in baskets, is made the anode of an electrilytic cell, the 
ntention hieing {(t diwolvo the tin at the anode alid tif deposit it 
in the cathode. Those electrolytic processes in which an deid 
lath was used were fore-doomed to failure, since in the presence 
if acid the iron is attiwiked in preference to the tin. Processes 
ising an alkaline solution have given better results. The method 
vas used for a time in Oermany, but was abandoned as being 
noro costly of ojieration than the chlorine method described above ; 
noreover it was found that the tin ujion the anode was liable to 
lecome passive. Kince that time, elcctrotytic detinning has been 
unployed at Hiriningham (England), and at several works in 
Italy. In Italy it is said to have givcnjhettcr .sati.sfaction than the 
ihloi'ine |iroccH3.' 

Technically Important Compounds. Certain tin salts such 
as stannous chloride, stannic chloride, and sodium-staunate, have 
proved useful in dyeing as “ mordants ” ; at one time ammonium 
stannic chloride (“ pink salt ”) was jargely employed. Tin salts 
arc also used considerably in the “ weighting ” of silk. The silk 
is treated lirst in a solution of stannic chloride or of pink salt, and 
then in a bath containing .sodium phosphate; tin phosphate is 
precipitated within the fabric. 

Stannic oxide has a high refractive index and is largely used in 
the ceramic industry as an of.acitier in the pn'[iaration of non¬ 
transparent glSzes, and also in the prejiai'ation of enamel for 
coating iron-ware. 


YyyWoys of Tin 

A very considerable proportion of the i.in manufactured is devoted 
to' the making of alloys; the copper-tin alloys (bronzes) have 
alrea/ly |)een discussed, but the alloys of tin with lead, and the 
alloys of tin with small amounts of antimony and copper, remain 
to be cigtsidered. 

Tin-lead Alloys. Pig. 23 showi»- the probable equilibrium 
diagram of tin-lead alloys.®^ Most of the alloys have a lower 

• ‘ Met. Chem. Eng. 10 (lo/"), 202, ' 

^ This is foqndod on the diagram of Roeenhain and P. A. Tucker, PhU. 
Twnif. 209 [A] (1908), 89, but siinjilined by the later work of D. Mazzotto, 
/tU. ZeiUch. Met 1 (1911), 289, and of N. Parra^ano andA.Sct>rtec'oi, QaitsUa, 
5Cr (1920), i, 83. Tlitse Jator workers regard the thermal change lound by 
Ro^nhain and Tucker at 149** C. to be du^ simply to supirsaturation of 



TIN 


245 


melting-point than cither metalpand an alloy n-ith a(lout 37 per 
cent, of load and 63 per cent, tin has the lowest melting-point 
e/ all, consisting entirely of a eutectic ; alloys with more lead 
contain—in a state of equilibrium—crystals <if stanniferous lead 
emliedded in the eutectic, whilst those with less lead have crystals 
of jiearly Jnire tin embedded in the eutectic. 

. In some cases, the employment of these alloys depends on their 
ready fusibility. The common solder used by plumbers and others 
for making junctions between metals contains 66 per cent, of lead, 
although some varieties of solder have less. Other easily fusible 
alloys of tin and lead are used in electrical fuses. Pewter may 
contain 15 per cent, of lead ; in spite of its low melting-point, it 
is gufficiently hard to be wonderfully durable, and can take a good 



polish ; most of the pewter used for pewter table utensils contains, 
however, some third element, c.g. antimony, as a “ hardener.” 
Pewter articles used for food should not contain more tb:i.n 18 per 
cent, of lead, owing to the danger of lcad-j)oi8oning. 

Alloys of Tin with small Amounts of Antimony and Copper, 
The alloy known as Britannia Metal’ consists of tin with about 
5-9 per cent, of antimony and 1-3 per cent, of copper; b„th copper 
and antimony render the metal harder, and if the alloy is'intended 
for casting, they may bo present iij rather lar^r amount than if 
the alloy is to bt rolled or^spun. The casting alloy may contain 

crystals of stanniferous load with tin. Tho solubility of tfn in solid load 
deoroasea wijh the tempaaaiare, and ’ when the alloys ,are cooled below^ 
Ids" C.. tho suporsaturation becomes so great that the excess of tin sudcf^nly 
separa^, causing a marked evolution of hctftt. • 

IF. C. Thomplon and F. Or.no, J.-Jnst. met. 2} (1919), 203. 
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small amoutits Jeai! in order totnake mjtal mofti fluid. The 
alloy has many valuable propertifs, being hard ejiough to with¬ 
stand wear and yet malleable cpough to bo rolled, cold or hofc, 
without difficulty. Britannia mc?al is largely usedifor domestic 
utensils, such as, tea-pots, mugs, and the like, aHhough to some 
extent it fias been disjflacod by German silver. ' , 

The structure of Britannia metal shows a white constituent,, 
embedded in a dark ground-mass. The nature of each constituent 
is uncertain ; Thompson .and Orrne have made a suggestion, which 
may provisionally be acce])ted, that the white constituent is a 
solid solution of tin and antimony, and the dark ground-mass is a 
copper-tin eutectic. 

If the copper and antimony be. increased somewhat, the structure 
of the alloy changes considerably. Fig. F M the frontispiece shows 
an alloy containing 4 ))er cent, of copper and it per cent, of anti¬ 
mony. 't'he remarkable white crystals'of cubic form* consist of 
an inter-metallic compound (probably SbSir), whilst the long white 
needles contain tin and copp('r (being possjbly (kijSn). These are 
both hard materials, but they are b(A in a soft matrix, consisting 
mainly of tin, which is yellowish in freshly-polished alloys, but 
darkens on etching with alcoholic ijitric or hydrochloric acid. 
The cubic outline of the inter-metallic compound SbSn is often 
remarkably perfect, but if the alloy is h.ammered the cubes some¬ 
times show cracks.^ The cubes are considerably lighter than the 
matrix in w'hich they are einboddod, and, unless care is taken with 
the casting of an alloy containing tin and antimony, nearly all the 
culms will bo found at the top the solidified metal. This is less 
likely to happefi, however, if the alloy contains copper, because 
the heavy needle-shaped crystals of the compound CujSn entangle 
the cuboids of SbSn, and prevent them from rising to the surface.^ 
Such alloys (Babbitt metals) are mainly used as bearing 
materials.^ A typical bearing metal edntains 9 per cent, of anti- 
mefny and 4 per cent, of copper, but the content of copper varies 
considerably in different ‘‘ white metals ” used for this purpose. 
T]Jie British Admiralty specify for the bearings of marine engines 
an alloy with 2 to 7 per cent, of copper and 8 to 9 per cent, of 
antimon;^.* Alloy* of this character aje found by experience to 

^ For'further infontation regordirtg those wliito cuboiJa soo MetalUigmphistt 
If (1898), 197; W. Reintlors, %eHsch. Aiwrg. Ohem. 25 (1900), 113; R. S. 
WilliBms, Zeitsck. Anorg. Cheyn, 55 (t907h 12. 

“ H. E. Fry &ud W. Rosenhain, J- Inst. Met. 22 (1919), 217. 

, tc^inpato W. Ramsay, J. Inst. Met. 22 (1919), 234. n * a 

< B. H. Jarvis, Meek. IVorli, 58 (192(y, 63 ; P. W. Priestley, M^ Ind. 
(New York) 19 (1921), 66' . 

* Sic G. Goodwin, J. Inst. M^et. 22^1019), 224. 
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reduce Irioticfa at the boafings tg a minimuia. liost •parioties of 
bcMir.ng metal contain a little If^ (up to 3 per cent.), and in the 
ofeeaper varieties the tin is la;-gely replaced by the less expensive 
metal. Some authorities state that these “ Imd-hasc alloys," which 
were of necossitv used largely during the war owing to the shortage 
of,tin, ha^e actually proved more satisfaciory than tne tin-rich 
.materials.' 

It is a matter of some interest to inquire why these particular 
white metals should bo more successful as “ anti-friction matefials ” 
than other alloys. It is found that materials which are suitable 
for use as bearing metals contain both hard and soft constituents. 
In Babbitt metal, wo have the hard cuboids of SbSn and the hard 
ray-like crystals of CujSn, set in a soft plastic matrix (the tin-rich 
ground-mess). The hatd grains aro supposed to give the necessary 
resistance to wofir, hut the fact that they aro sot in a yielding 
matrix allows a certain amount of accommodation at any point 
where the opposing surfaces come too close together and press 
upon one another. It is noteworthy that another class of alloys 
which have jinivcd valuable as bf iring motnls, the plastic bronzes, 
also consist of a hard and a soft constituent (see page 72); but 
hero the soft coiustituont (lead) appears to bo dispersed through 
the hard constituent, whilst, in the white bearing metals, the hard 
constituent is distributed through the soft matrix. 

Another suggestion has recently boon made regarding the special 
value of alloys containing hard and soft materials. It is absolutely 
essential that a continuous film of oil should be maintained all 
round the bearing ; if the oil-film is interrupted at any point, 
seizing is likely to occur. It is considered that, on the surface of 
a material like Babbitt metal, “ the hard constituents stand up 
in slight relief, the softer matrix thus forming nunlerous evenly 
distributed channels, which maintain the oil by capillarity.” ® It 
seoms possible that the value of the intorfacial tension between 
an alloy and lubricating oil may bo of significance in determi.iing 
the,merit of a given alloy as a bearing material.’ 

• 

> E. T. Koouan, Mech. World, 71 (1022), 180. 

* A. H. Muncloy, C. C. BissoW.andJ. Cartland, J. Inst. Mil 2S(1022) 142. 

* Compare the views of W. B. Hardy and ,T. K. .Hardy, Phil. Mag. 38 
(1010), 32 : W. B. Hardy, Phil. Mag. 40 (1020), 20'. ; J. Soc. Chem. Ind. 38 
(1019). 7t. 
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Atoiric weight . . 20?-20 

• V ‘ 

The Metal 

Load, the remaining metal of Group IVb, is oonsideraWy heavier 
than tin, the specific gravity being 11’3. It is also softer than 
tin, but melts at a higher temperature, namely, 327° C.; the fused 
metal has a slightly greater density than the solid metal, so that 
lead expands when it solidifies. At ordinary temperatures, pure 
lead is so pliable that it can bo mouldji! into shape by gentle 
pressure between the fingers, but traces of certain impurifies render 
it much harder. Ixjad is malleable enftugh to lie rolled in foil; 
lead wire con be produced, but is looking in strength. 

A freshly-cut section of lead shows a Jffilliant silvery lustre, 
which soon dulls to a dark gre^ when exposed tfi ordinary air. 
The “ load tree ” obtained by precipitation of a lead acetate solu¬ 
tion with metallic zinc is a wonderipl grorvth of long leaf-like 
crystals of shining loiid. The same tendency to fo|m dendritic 
crystal-growths is displayed when a layer of molten lead is allowed 
to solidify in a shallow dish.* Under favourable circumstances, 
however, it is possible to obtain octahedra by the crystallization of 
fused lead.^ This fact—together with the study of the etching 
figures produced on a section of load by certain corrosive agents— 
serves to indicate* that load crystallizes in the cubic system. X-ray 
analysis him proved that the atoms are arranged on a faix-oentred 
cubic space-lattice.'' 

Lead stands on the reactive side of hydrogen in the Potential 
Series, but the difference between the normal electrode potentials 
of' tfie two elements is very small (0'13 volts) and lead does not 
readily displace hydrogen from dilute acid solutions. Conccntr#ted 
hydroeWie acid causes an evolution of hydrogen, w’hich increases 
when the acid is heated, owing to the reduction of “ overpotcntial.” 
Dilute hydrochloric ^nd sulphuric acids ^re almost without action, 
but when’ lead is brought into contact with platinum black in 
L3N hydrochloric (icid, tiny hydrogen Rubbles rise from the point 
oftcontact. 

One factor 'which is unfavourable to the dissolution of lead in 

‘ J. C. W. Humfrey, Phil. Trans. 200 fA] (1903), 22iS’. 

• F. Stolba, X. PvM. Chan. 96'(1866), 180. 

• h. Vegard, Phil. Mhg. 32 (1916)^06. 
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dilute hycirroeliloric and stlphur^ acids is tl»i) eort.par*tivo insolu¬ 
bility of the chloride and 8ulp(jate of the metai, which may load 
^9 the formation of protective films on the surface of the lead. 

Lead is readily attacked by lutric acid, the soluble load nitrate 
being formed; the gases evolved include nitrous oxide, as well as 
the highei*oxidbs of nitrogen.’ The solvent action of hot concen- 
^ trated sulphuric acid is appreciable, although very small; this 
question, which is of practical im))ortance, is considered in the 
technical section. 

Acetic acid only vtTy slowly attacles lead at ordinary tempera¬ 
tures, but the rate of attack is immensely increased if hydrogen 
peroxide is present, as that rwigent acts as an oxidizing de¬ 
polarizer.’' 

Lead is practically UKattacke<l by dry air; in an ordinary damp 
atmosphere, as already stated, the bright surface of the freshly-cut 
metal soon becomes tai-ni :hed owing to the formation of a dark- 
coloured oxidi/.i'd layer, abieh, howiner, protects the metal from 
further oxididion. Lambert and (liillis ' have shown that the 
darkening is niueh less rapid in the case of lead which is perfectly 
pure and uniform. Uad which has been purified by distillation 
in vncuo, and which has been allowed to liecome physically homo¬ 
geneous by jireserx iition in vncuo for a year, can bo exposed to air 
for some days before losing its metallic lustre. 

The sjieciaMy pure, homogeneous lead prejiarcd by Lamliort is 
only very slowly oxidized by water containing oxygen. But 
ordinary “ pure ” lead, although practically unattacked by air-free 
water, is more ipiickly acted upoji by water containing oxygen, a 
dark brown oxide and a whitish hydroxide being produced. In 
the presence of dissolved carbon dioxide in the water, a film of 
insoluble carbonate is formed. Under certain circumstances, this 
substance prevents further oxidation of the metal; but clearly 
if there is also a reagent pro.sent in the water which can cause 
a partial solvent action upon tho protective film, ever ,a 
peptizing action, tho attack of tho metal ^vill continue, and gradually 
an appreciable quantity of load will jiass into solution.- TlTis is a 
matter of very groat practical importance, and wall bo coiisidered 
further in the technical section. 

Laboratory Preparation. The metal may be prepared from 
a solution of a lend salt by the action of zinc, or it may bo deposited 
upon a cathode by electrolysis. Tho tree dbtained can be molted 

> G. Q. Higley, Amrr. Chcr.i. J. 17 (1895), 23. 

"• 0. P. WStta and N. U.'Whipple, Trans. Amet. Blfctrocllem. Soc. 32 (1917), 
267. • . , • 

* B. Lambert%ind H. E. CuJfis, Tr^ns. CItem. .S'oe. 107 (1915), 210. 
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down undo* a Suitabte flux (e.g. ^tassium cyanido) wo'yield the 
compact metal. I ' ^ ; 

To obtain pure load from the impure miptal, it should be dij^ 
solved in acetic aAd, and roprooipitatod as sulphate. ,Tho sulphate 
can bo convortdd to carbonate by the action of ammonium 9 ar- 
bonato, anU the load carbonate can be reduced fo metallic lead 
by fusion with potassium cyanide. ‘ 

, If lead of extraordinary purity is needed, Lambert’s method of 
distillation in vacuo is available, quart!! apparatus being used; 
the original paper, which has already been referred to above, 
should be consulted for details. 


Alleged Allotropy of Lead. Ordinary jmre lead when kept 
in contact with a load salt solution undergoes certain changes 
which have been interpreted as being a’ldtropio transSormations. 
Not only do small changes in density occur,“ such as are mot with 
in other soft metals (tin, thallium, callmium and zinc), but in 
certain cases the whole appearance of the lead alters. For instance, 
pure load immersed in a concentrated solution of lead acetate 
containing nitric acid loses its iimlleaBility, and beoeftnes converted 
to a grey variety which can readily bo rubbed to powder between 
the fingers ; in fact it sometimes crutpbles spontaneously. Some 
samples of compact lead immersed in acidified load nitrate actually 
jnold a load “ tree ” similar to that obtained by the immersion of zinc 
in the same solution ; the compact lead behaves as t'hough it were 
a metal different from the crystalline lead forming the tree, being 
apparently more reactive than the latter. This would seem—at 
first sight—to afford considorifble support for the theory of 
allotropy. * 

Closer investigations suggest, however, that the production of 
the tree is due to another causo.^ It only occins under conditions 
whore, as a result of corrosion, a layer of basic salts apj)ears over 
parts of the lead surface; in such a state of affairs diffusion will 
bo Slow between the liquid within the channels threading the layer 
and the main body of the* solution outside. Below the layes—in 
cqntact wilh the metallic lead—the solution will come to contain 
load nitrii ^; the external solution, on the other hand, contains 
lead nitrate. Since, the concentration of load ions (Pb") is much 
greater in a nitrate solution tha^ in a nitrite solution, a concen¬ 
tration'cell will ha-set up, and lead will pass'into solution con- 

* An elaborate metliod o! obtaining lead* quite free from other metals is 
described by J. S. Stas, Bull Acad. 10 0800), 295. t 

• »E. Cohen andV. D. Helderman, Proc. Amst. Acad. 17 (ftl4), 822/ 

»d. Holler, Zeitsch. Phy^ Oh^ 89 (1915), 761. * 

«A. Thiel, Ber. 53 (1^0), 1052, 1(^)6; (1921), 27501 
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tinuously toiiokth the lajer of Jbasic salts, 'whiltt at» the places 
where no basic^salts exist, loadf^l be deposito(i in dendritic form. 

, The crumbling of lord foil in a solution containing nitrates and 
f^ acid is probably duo to pieferontial attack ^pon the lead at 
the boundaries, between the crystal grains. The corrosive liquid 
ea^s its wfly into the lead between the grains, wliich •finally fall 
.apart. The phenomenon is probably comparable to the “scason- 
cracking ” of brass. A specimen of load consisting of a single largo, 
cr 3 ratal docs not show this crumbling effect. If tlieexplanatidns of 
the tree-production and crumbling just suggested arc correct, there 
is no reason to suppose that any allotropic change is involved. 

Careful moasiu-cmonts of tho potential difference of load against 
a Jead nitrate solution show-—it is true—that tho potential is dis¬ 
tinctly altered by imiiKVs'on in concentrated load acetate containing 
nitric acid.* Hut the lead actually becomes more “ active,” 
whereas if it wore converted to a more stable allotropo it would 
become more “ noble,” The slight activation caused by treatment 
with this highly acid solution is not without a parallel among tho 
other metals, whidi generally become more active (or less passive) 
when treated with acids. In tho opinion of tho present writer, 
there is no evidence of tho existence of allolropes of load at low 
tomperatm-es. 

, * Compounds 

There arc two main series of lead compounds, corresponding to 
the stamious and stamne oompousds of tin ; they may bo regarded 
as derived respectively from tho two oxides, Pl/l and PbOj. As 
usual jvith elements of high atomic weight, it is tho lower type of 
SEilt that is best developed, all tho stable salts of load belonging 
to tho “ plumbous ” series. Even in the case of tm it was noticed 
that the stannic compounds wore very easily hydrolysed, and, on 
passing to lead, w-e find that the plumbic salts are so q.iiokh- Re¬ 
composed by water that their formation in aqueous solution is 
very difficult; in fact, only a few of the derivatives of totravalont 
lead have boon prepared under any conditions. Both of vho load 
oxides are amphoteric, like those of tin, and forin compounds 
(plumbites and plumbates) when acted upon by alkalis. It should 
be noticed that whereas basic plo]jorti 0 s arc best develoix'd in tho 
lower oxide, the acidic pAperties are most marked in the higher 
oxide—a very common stato oi affairs met with in many metals 
(e.g. (Jiromium). Thu^ the pluubatos are better developed than 
tke plumCites. * , 

Oetman, /, Chem. Soc^M (1918), 611. 
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A few umtabfe conponnds, in jvhioh toad appeafs'to' be mono¬ 
valent, have also been shown to fxist. ' , 

A. Compounds «of Divalent Lead (Plumbous Compounds'). 

Plumbous olclde, PbO, is formed when molten lead'is exposed 
to the air. The colour of the oxide varies eonsidera^dy, rtid, brown, 
yellow, and yellow-green forms having been described; the 
^variation of colour may be partly due to the size and porosity of 
the particles,! but the rod and yellow varieties seem to bo distinct 
crystalline forms.^ If the temperature be only just high enough 
to fuse the metal, a yellowish powdery form (»i«w'co<)iB produced ; 
but if it bo sullioiontly high to melt the oxide also, a more com¬ 
pact mass, of a pink-yellow colour, known as litharge, is obtained- 
The hydrated oxide (iirobably not a delinitp k‘y<lroxidc “) is prepared 
as a white proeij)itale when ammonia or a caustic alkali is added to 
a load salt solution. The precipitate dissolves in excess of cawitie 
alkali, a soluble “ plumb!te ” being no doubt formed; but the 
solution readily hydrolyses, lead hydroxide being repreeipitated ; 
the plumbilcs are scaredy known iiMtho solid state. 

The plumbous salts are jnepared when lead oxide is dis.solvcd 
in acids ; tluy are also formed when oxidizing acids dissolve 
metallic lead, or when other acids act oil the metal in the presence 
of air, or hydrogen peroxide. They arc mo.stly heavy white bodies, 
and on the whole resemble the corresponding barium compounds in 
their solubility relations; but, in forming an insoluble coloured 
iodide, lead displays a similarity to thallium and meremy, which 
fall beside it in the jieriodie tabla. The jilnmbous salts also show 
a general analogy to the stannous salts, but hydrolyse much less 
easily; they can bo isolated without difficulty in the sol'd state 
by crystallization. 

Of the suhihh pluadious salts, the nitrate and acetate are the 
most important. The nitrate PblNOjlj is 7nost easily produced by 
dissrlving the metal in nitric acid; the acetate Pb(CjHs0j)2.3H,0, 
is best prepared by the action of acetic acid on the hydrated oxide 
or earbbnate. When solutions of the nitrate or acetate are boiled 
with lead oxide, the oxide is dissolved, forming basic salts, which 
arc soluble In hot water, but which crystallize out when the solution 
is cooled. * 

Tile ifmluble salts can be prepared by proeipitation with the 
corresponding sodium salts. These include the sulphate, a heavy 
white precipitate formed when a soluble sulphate or sulphuric acid 
is added to a le^ salt solution." The pr-eeipitation is /lot quite 

! S. Glasstone, Trans. Soc, 119 (1921), 1689, 1914. 

“ M. C. Applebey and R. D.'Reid, Trans^fthr.m. Soc 12i (1922), 2129. 

’ Compare 8. Ulosstono, Trans. Chem. Soc, 121 (1922), 68. 
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complete orflinarji^ cirAimstances, since Ijad ^ulphate is 

appreciably soluble i« water ; if? however, aicobol is atlded to the 
liquid, the solubility is diminished, and practically the whole of the 
lAd passes out of solution. Ijcad sulphate is quite soluble in a 
concentrated .solution of ammonium acetate. . 

'Hie lead haUdes arc also comparatively insoluble Ijodics, and 
att obtained on adding tbe chloride, bromide or iodide of potassium, 

* to a solution of lead nitrate or ai!otatc. Tho chloride and bromide 
are white, the iodide yellow ; as in the ease of the silver salts, the* 
chloriiis is the most and the iodide the least soluble. All are very 
much more soluble in hot than in cold water, and, on boiling any of 
the ju'ccipitatcs with c-veess of water, they give clear solutions, 
which, howa^ver, rcdcqsisit the salts in a minute crystalline form 
wlien cooled again. ’||he iodide obtained by reorystallization in 
this way forms minute golden flakes, which have a charimteristic 
silky appearance alien stirreil up with water and held in tho 
sunlight; the silky ap)K-arancc is due to the fact that the water, 
moving past tho crystals, turns them so that the longer axes of all 
the crystals jsiint in ihf, same direction, namely, the direction of 
the water ciuiLiits. 

The sulphide, PbS, is a black jirccipitate insoluble to dilute 
acids ; it is produced when iiydrogcn sulphiile gas Ls bubbled through 
a lead salt solution. It ditlors from tin sulphide in being insoluble 
in yellow anwuonium sulphide. 

The Addition of sodium phosphate to a lead solution causes a 
white precipitate with lead phosphate. The precipitate formed 
when sodium carbonate is added to a soluble lead salt consists 
mainly of a basic carbonate ; but the normal carljonate is jiroduced 
if carbon dioxide is the. precipitant. 

B. Compounds of Tetravalent Lead (Plumbic Compounds). 

Plumbic oxide (Imd imuxide), I’bOj, is obtained by the action 
of an oxidizing agent, such as hydrogen ]icroxide, oi. a solution 
of a lead salt in the presence of alkali; it can be prepared p,uo by 
addling hydrogen peroxide to a solution i.f lead nitrf.Vi in.20 per 
cent, sodium hydroxide. ^ It is also readily obtained by tbe anodic 
oxidation of the metal. When a sheet of lead is made the anode 
to a dilute sulphuric aciu solution, it becomei< covered first with a 
layer of white insoluble plumbous sulphate ; upon continuation of 
the electrolysis,■'tUis compound of diwalent.leiM is oxidized further 
and forms the brown peroxidfn PbOj, no doubt in the hydrated 
form^ The layer of perqjxide, when once produced, protects the load 
•froij^ further anodic attack, and tho current is afterwards expended 
• • V. Zotier, Bu«. Soc. Chim.ll (1917), 244. 
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almost cnti|eIy||ipon^the evolution ht o^gon f butji^tft peroxide 
is scraped off m tt is formed, n!ore metal will be oxidized, and 
finally, the greater part of the nfetal can be conWted into* the 
form of the higher oxide. Lead peyoxide is'a brown powder, whi?h 
evolves oxygen, when strongly heated, plumbous oxide being left 
behind. Ijt even loses oxygen on exposure to the sunlightin 
this ease the intermediate red oxide (Pb 304 ) is produced. It it a 
strong oxidizing agent, and is employed as such in organic chemistry.' 


' Plumbic Salts. Lead peroxide is evidently nearly insoluble 
in dilute sulphuric acid, since otherwise it could not be pl-epared 
by the electrolytic method mentioned above. There is no doubt, 
however, that a certain small amount of solution docs take place, 
and that the sulphuric acid used always comes to contain a little 
plumbic sulphate, Pb(SO,)j. By elijotrolysis of concentrated 
sulphuric acid, in a divided cell fitted with a lead anode, solid 
plumbic sulphate can actually be obtainctl from the anode compart¬ 
ment. 1 A cooling arrangement must be provided to keep the liquid 
in the anode compartment below 30° C., otherwise lead peroxide 
is produced by the hydrolytic^ dewimpokition of. the plumbic 
sulphate. Plumbic sulphate is a white substance, usually with a 
tinge of greenish yellow. The solution in strong sulphuric acid is 
distinctly greenish yellow. If' placed In pure water, it is at once 
hydrolysed to lead peroxide and sidphuric acid. 

If load peroxide is heated with sulphuric acid, oxygbn is evolved, 
and plumbous sulphate produced; plumbic sulphate cannot, 
therefore, bo made in that way. Again, when lead peroxide is 
treated with concentrated hydroqldoric acid, it dissolve, forming a 
yellow or brown solution, which no doubt contains plumbic chloride 
(PbCl(); but any attempt to obtain this chloride by ovapyration 
fails, for the solution at once evolves chlorine on being heated, 
and plumbous chloride is left. If, however, ammonium chloride 
bo added to the solution, the yellow doujile salt 2 NHjCl.PbCl 4 or 
(NlfaliPbClt, which is not very soluble, crystallizes out. When 
this salt is cautiously adde4 to concentrated sulphuric acid kept at 
a low temferature, pure plumbic chloride, PbCl 4 , is produced, 
as' a heavy yellow, fuming liquid, resembling stannic chloride. 
With a small quantity of water it combines, forming a crystalline 
hydrate ; 'but, if treiited with excess of water, it suffers hydrolysis, 
giving lead peroxide and hydrqphloric acid. 

One other plumbic sompbund that iliust be mentioned is the 
acetate, Pb(C,H 30 j) 4 . This is tbo iinstable to be produced in 
aqueous solutions. When, however, warm glacial acetic, acid aet^ 
oh t^e red oxide Pb, 04 , a solution^ is obtained, which deposit® 
‘K. Elba and F. Fiacbei'; ZeUtch. Eltifrochm/7 (IffJO), 343. 

' 'V 
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plumbic in CoIoutIms dtystals on cooh^g. -The crystals arc 

decomposed by water intd plunfcio oxide, PBo# and acetic acid.* ** 

Plumbates^ Lead peroxide is insoluble in dilute alkalis, but 
issolves in, boiling concentrated potassium hydroxide. The 
solution obtained can bo concentrated further by allowing it to 
sitand ovw stfting sulphuric acid and wjll then deposit white 
crystals of potassium plunibate K 2 [Pb(OH) 8 l, isouiorphous with 
* Kj[Sn(OH) o] and K 5 [Pt(OH) J. The solution cannot be evaporated 
by boiling, since it then deposits lead peroxide by hydrolysis.* 
SodiiflTP plumbate can be prepared most easily by the anodic 
oxidation of a solution of lead hydroxide in sodium hydroxide, using 
a platinum anode ; the plumbate crystallizes out from the solution 
without evaporation.'* 

Attention may 1 k) cijljd at this point to the rccurrenco of the 
co-ordination number six in the plumhates, and also in the complex 
chlorides, such as (NHj).,[J:'bCle], which were mentioned above. 

C. Intermediate Oxides of Lead. 

Besides the. two oxWes, PbO and PbO,, which correspond to 
definite series of compounds, intermediate oxides, Pba 04 and 
PbjOj, are known. 

Red lead, PlijO,, is obtiCined by roasting in air at a dull red heat 
the unfused powdery form of plumbous oxide (massicot), or lead 
carbonate ; wilder tho pressure of oxygon occurring in the atmos¬ 
phere, In additional quantity of oxygen is absorbed, and the product 
finally comes to have a composition corresponding roughly— 
although often not e.x.ictlytOjthe formula Pb, 04 ; it may bo 
remembered that other interinodiate oxides (e g, those of molyb- 
denuni^jiavc also a variable composition. Red lead can bo produced 
in a wet way by heating lead nitrate with 50 per cent, sodium 
hydroxide at ISO-Kitb' C.'’ Tho colour varies with the method of 
preparation ; when prep,aral from massicot, it is a bright red powder. 

Chemically, red lead beJiavc.s as though it were a loose ei.i ibinajiqn • 
of plumboiLs and plumbic oxides; for instance, dilute acids 
decohiposo it, forming a plumbous salt which ]iass.« in*o tho 
solution, and leaving brown lead peroxide undissolvcd. I’ossiWy 
red lead is really a “ plumbous plumbati',” 2PbO.PbO. .• combina¬ 
tion of tho basic oxido ITiO, and tho acidic okide PbOj. 

* A. Colson. 136 (1903),A. Hutiiiinson and W. Pollard, 

Trans. Chem. Soc. 69 (18911), 212. ' ,, 

■ I. Bellucci and N. Parravano.j iKetlscl*. Anory. Chem. 50 (1900), 101, 107. 

• G. Grube, Zeitsch. Elerirochem. 2^, (1922), 273. ' 

0 * Foi*dotsuls of methodi dl obtaining pure Pb^Oi see i. Milbauer, Glten^ 
ZeU. (1914), 477, 659, 666, 687. „ 

‘ V. Zotier, l^U. Soc. Chim. 2f (1917), 246. ' 

** dt 
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Red lead ( 




f 1/ 

id diawlres in glacial aceAc aoid, giving fi |o]ntion with 
Btrong oxiSizing ^iriJperties, froA which ammonia reprocipitates 
another oxide, PbjOa; this can bJ regarded as another plumbous 
plumbato PbO.PbO^, less basic t^an red lead. The same oxidb, 
which is yellow .when wet, but brownish when dry, may bo prepared 
when an ^Ikalino solution of plumbous oxide ^.e. ^ alkdlmo 
plumbite) is oxidized‘in the cold with bromine.* If the proper 
conditions are observed the product corresponds closely to the 
formula Pb.i 03 , but some of the methods yield products of which 
the comimsition is distinctly variable. ^ 


D. Compounds of Monovalent Lead. 

The possibility of the existence in aqueous solution of sajts 
containing lead in the monovalent conditvin has been deiuonstrated 
in more than one way. If a hot solution of lead acetate is made 
to pass over metallic lead, it is found to,<lissolve traces of lead, but 
deposits most of the metal in spongy form when cooled, provided 
that a piece of lead is added as a nucleus.^ This would appear to 
indicate that a small amount of,lcad«.sub-iU'ctato i» formed at the 
higher temperature, but dixsunposcs on cooling owing to the shift¬ 
ing of the equilibrium poipt of lialanccd reaction, 

Pb I- PldC.HjO,)^ ^PblCjHjOj). 

The caao is, of course, perfectly analogous to thcv formation of 
cujirous sulphate by the dissolution of copper in cupric .‘'alphate. 

The existence of monovalent lead is also indicated by the anodic 
behaviour of lead in certain solutions. In many solutions 
([lotassium hydnigen tartrate, fiydrosilicifliioric acid, etc.) a lead 
anode is attacked clectrolyti(»lly at a rate which indicates quantita¬ 
tive dissolution in the divalent state; but in a solution 'dt'sodium 
acetate or sodium^ thiosidphate, the anodic current efficiency 
calcidated on that assumption appears to exceed 100 per cent., 
and such a state of affairs would sooffi to indicate that lead is 
passing into solution to some extent as monovalent ions.® 

Thj su^oxide, Pbj0, can bo prepared by heating lead oxalate in 
a, vessel which is kept evacuated by means of a Sprengel pump.* 
The heativg should be commenced at 270°-27.')° C., and the pressure 
kept bolqw 6 cm. of mercury, since othevwiso the carbon monoxide 
produced may reduce the suboxiiie to metalUc lead; towards the 

j r '"M*, 

' S. GlasBtone, Trans. *Chem.^ Soc. 121 (19^2), 1456. 

* H. G. Denham and A. J. Allmand, Tra^^s. Chem. 6’oc. 93 (1908), 424. Tht 

type of continuous-circulation appan^tus needed to show the dissolution anc 
reueposition of lead conclusively is described id this paper. # * c* 

»N. M. Bell, Trans, Faraday Soc. 11 (1916-16), 79. » 

* H. 0. Denham, Trans.* Chstn. Soc. I'll (1917), 29. 
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enc, oi i;m|pro|Bss, when the pJessure ha^ sun& newly to zero, the 
temperature %n be faisecftto 33i° C. or even®hi§her. * 

The suboxCdl is a dark poWfior. Wlien treated with aqueous 
a«ids, it docs not yield the corresponding salts, but a mixture of 
metallic lead !lnd the ordinary plumbous salts. HpjWever, the salts 
of monovalent Ijsad can be prepared by heating tiic sub^xide with 
appropriate organic esters, the method bdlng analogous to that 
• used in preparing solid cujlrous sulphate, Tims, by heating lead 
suboxido in the vapoiu- of ethyl chloride (CsHjCl) or of-ethyl' 
bromifJe, (CjHsBr), the greyish subchloride, PbCI, and sub- 
broinide, PbBr, can bo obtained.' iSimilarly the dark grey 
sub-sulphate, Pb^St),, is obtained by the acti(ni of methyl sulphate 
on the suboxide, whilst the bluish-grey sub-acetate, Pb(C 2 HjO,), 
isprepared by heating the sub-oxide with acetic anhydride,' Those 
salts are th'composed by^acids into metallic lead, and the corres¬ 
ponding normal (plumbous) salt. 

When fused lead is addl'd in small quantities to fused plumbous 
chloride, a metallii! “ fog ” consisting of particles of lead of colloidal 
size suspended in the m(,^ton salt can bo obtained. A similar “ fog ” 
is obtained liy udding potassium oyanidc to the fused lead chloride. 
The solid crystals of lead chloride formed on cooling the fused mass 
are dark, l)ut .should not be,regarded as being a sub-chloride, since 
particles of metallic lead can be detected in them by means of the 
ultra-microscope.' It is, in fact, somewhat exceptional to find a 
crystal arf lead chloride—prepared by fusion- quite free from fog, 
unless the chloride is specially treated in tlu' molten state with 
gaseous chlorine and hydrogen chloride. 

£. Miscellaneous Compounds. 

Lead Hydride, 'j'he very unstable hydride of lead is of special 
interest, since evidence for its existence was first obtained by 
Paneth and Norring by a radioactive method.' These experi¬ 
menters exposed magnesium powder to thorium cmana m, until 
it was covered with a deposit of thorium ii and (J, and then ke(ft 
it iir-a desiccator for half an hour', so as to ersuix! the di.-'.^peijranco 
of any adsorbed emanation ; after this interval, the raagnesi im w^ 
dissolved in hydrochloric acid and the hydrogen produced ivas passed 
through a cotton-wool filti r into a heated glass iube and ^vas found 
to give a radioactive deposit upon the ghiss. The study of the 

♦ # ^ 

^ H, G. Denham, Ttnnv. ChMi. Soc. 113 ({918), <149. 

*H. Q. Denham, Trane. Chon. Sue. 115 (1919), 109. 

8 R. Lorenz and W. Eitel, Ze%t^. Anorg. C'hem. 91 (1915)9 
* F. Ban^ and O. NOig-ing, Bcr. 53 (1920), 1693. 8^ also F. Paaeth, 
Jaer. 51 (1918), 1710; F. Paneth, M. Matthiee, and B. Sclunidt-HebbeL Ber. 
55 (1^2), 776. • 

M.O.— VOL. fv. 
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radioactivity of thi& defiosit, whic% was prei»nt m tcb small an 
amount fof chcmicartests, indicated th/t it cqptainecf both thoridta 
B and thorium C. Since these bodies are not’’volatile in the 
elementary state, it is fairly certain that they must have passed 
over as volatile hydrides. But thorium B and tnorium C are 
respectively isotapic with lead and bismuth ; and,(if it bo admitted 
that the two radioaccivc elements have volatile hydrides, it- is 
fairly certain that ordinary lead and bismuth will also have volatile 
hydrides, although, in the case of the non-radioactive elements, 
the detection of those hydrides may be more difficulty When, 
however, the existence of the hydride of the radioactive isotope 
of lead was once rendered fairly certain, Pancth and Norring were 
encouraged to make extended experiments to isolate the hydride 
of ordinary lead. They finally succeeded in showing its existence 
in the hydrogen given off when dilute sulffliuric acid was iTectrolyscd 
in a special apparatus provided with a thin lead rod as cathode; 
this cathode was surrounded by a sleev6 so that the load was only 
in contact with the acid at the tip of the rod. A very high E.M.F. 
(220 volts) was applied and the apparatus was arranged so that 
sparking occurred at the cathoda T’Re hydrogen evolved deposited 
a visible amount of lead when passed through a heated glass tube, 
showing that the gas must contain a ’cad hydride. 

Organic Derivatives of Lead. Like other members of the 
group of elements containing (iarbon, the lead atom hiv« a remarkable 
power of attaching itself to hydrocarbon groups. Thus lhany of 
the organic bodies, which were noticed in the ease of germanium 
and tin, find their counterpart among the compounds of tetravaicnt 
lead. Of these Jead tetra-methyl, Pb((!Hj)(, a volatile liquid 
produced by the action of methyl iodide on a lead-sodium alloy, 
may be cited as an example ; its formation may be expressed thus : 

Pb -f 4CH:,[ -b 4Na - PblCH,), -b 4NaI. 


Analytical 

, Lead is a metal quite easy to reduce by heating with earhon in 
the roducipg flame of the blowpipe, and the bead of the molten 
metal obtained is gradually converted by heating in the oxidizing 
flame to the yellowish oxide. , 

In aqueous solution, there are varioys featBti..; in the behaviour 
oL lead salts w'hich serve to distipguish them from those of other 
metals. Tho-white precipitate of sulphate, obtained when sulphuric 
acid is added to a lead solution, is met with in the case of ito other 
metals except barium ,and_^ strontium. The precipitate obtained 
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witft hydi'jchl^ic &cid dissolves in hot water, {ind jo may bo 
distinguished Irom most othor inscflublo chlorides (silver or mercurous 
chlorides); the yellow precipitate obtained by adding potassium 
iolUdo is also characteristic, although silver and thallous salts give 
a yellow iodide under the same conditions. 

Tile quantitative separation from most other metals (hqiends on 
its'preeipitation by sulphtu-ic acid as lead sulphati'. In order to 
•render the precipitation complete an equal volume of alcohol is 
added, and the hot solution is allowed to stand for somo'time. 
The jti ipitate is then filtered otf and washed with a mixture of 
alcohol and water. It should he dried at 100’(', and transferred 
as far as possible to a weighed erllcibh^ 'I'lu^ lilter-pajier, to which 
a little lead sulphate always adheres, may he burnt on the crucible 
lid ; during this burning the leail is usually partly reduced to the 
metallic stilte, but may be reconverted to sulphate by the action 
of concentrated sulphuric acid. Bcfori! weighing, thi^ sulphate 
should be conqiletidy dried by moderate In'ating of the crucible, 
but it must not be heated so strongly that it becomes converted 
to oxide. 

Kt'sides the c:.iimation of lead as sulphate, the metal is .sometimes 
precipitated and weighed as sulphide, or in ('xeeptional cases as 
iodide. 'I’he.se methods could be employed in the pre.sence of other 
nictals, like b.ariuin, which have soluble suljihatcs. 

Lc'ad is alsq conveniently c.stimated as the peroxide, obtained 
electrolj^ically. When a iiot lead .salt solution containing plenty 
of free nitric acid is electrolysisl at a high anodic current density, 
the whole of the lead is j)reci|)itatcd as peroxide on a platinum 
(modi’. The presence of most other melals, which ere not deposited 
upon the anoile, docs not. interfere with the i-stimation of the lead 
in this way. But m.inganesi^ and tli.illium, if present, which might 
also be precijutatcil on the positiv(» (dcctrode. must, lie .separated 
before the electrolysis. Unfortunately the lead ]ieroxide is always 
produced in a hydrated condition, and the \iater is not co.iiph lely 
driven off even when th<^ chsdrodc is heated to2<id°U. However* 
the small amount of w'ater retained und(w*cert<iin fixed '■.\^'''ru..ental 
conditions has been determined empirically and a correction ca.i 
therefore bo applied.^ , 

It may be mentioned hc.e that compounds containing 'ead, tin, 
or zinc (three easily fusible nn tals) should not bo boated in 
platinum vessels, since thei* would *bo a daqgef of the formation 
of platinum alloys of these metali, and consequent damage to the 
vessels. • 


* H. S Sand, Trarm. Faraday ^B (lUlO), 207. 
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The terrestrial occurrence of lead has already been considered in 
connection with that of zinc, w‘th which metal lead occurs in 
intimate association in nature (see page 138). It is only necessary 
here to reeall the fact that the principal ore of Icitd is tlie sulphide 


Galena 


PbS 


which occurs in heavy shining cubes, and often contains silver. 
In the oxidized portions of the zinc-lead ores the minew':’ 

Cerussito.PbCO, 

and Anglesito.PbSOj 


arc found, but these are of much less practical importance. 
Other minerals containing lead such asc ' ,i 


Crocoite 
Wulfenite . 
and Vanadinite . 


PbCrOi 

PbMoO, 

3PbdV04)j.PbCU. 


are much rarer and owe their impprtanf* mainly to the second 
metal which they contain, and not to the lead. 


Mktallueoy anb Use.s ' 

The preliminary treatment of the zinc-lead ores to give 
(a) a concentrate containing zine, 
and (i) a concentrate eontivining lead and silver, 
has already boon discussed in the section devoted to zinc. Where 
lead-ore occurs tree from zinc, the concentration can be simplified; 
a rough gravity-separation on jigs and tables generally* serves to 
remove tho greater part of the ganguo from the heavy galena. 

It is now ncccs-sary to draeribe the smelting of the lead-silver 
concentrate to yield an argontifcrous Icshl, and then to indicate the 
I)rincipal methods of “ desilverizing ” the lead, so as to recover as 
muc|i as nossible of the prticious metal, and leave the lead in a state 
of moderate purity. 

It should be mentioned that even where the lead-ore—as found 
in nature—contains little or no silvar, advantage is sometimes 
taken of the efiiciency of lead ,as a “ collector ” of silver, and a 
silver-ore—of a vwiety which does nft coritain sufficient lead for 

*See H. 0. Hofman, ■'MetallurgJ! ok Load” (1918), (HtcQraw-Hill); C. 
Schnabel and" H. Louis, " Handtfiok of Metallurgy ” (Macmillan), 1921 
} edition; W. B.'Ii^alts, "Lead Smelting andi.Kofining ” {ISitpntering 
Mii'ing Journal) ; F. Collins, “ Metallurgy of Lead ” (Grifflnjd J. A. 
Smythc, " I«ad ” (Pitmah). « ' , 
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dfcBot smeluifg-^is ptirposeiy missd with it; thus Li amentiferous 
lead is obtained from which the precious silver is extracted by a 
subsequent desilverizing process. 

The smelting of load can bo carried out in 

(1) i'hallrAiv hearths, 

' (2) reverberatory furjiaces, or more commonly in 

* (3) blast-fmnaces. 

Since^ad occurs generally in iho ore or concentrate as sulphide, 
the simplest possible method of smelting will consist essentially 
in the burning off of the sulphur. It can be carried out in one 
stage by blowing a hot blast of air over an ore-charge, }ilaeed on a 
shallow hearth. The. reaction as a whole can bo written in a very 
simple form, 

TbS + 0, =- I’b + SOj. 

Alternatively the smelting can bo carried out in a reverberatory 
fiunacc, in which ease it is (mstomary to conduct the process in 
two separate stages. Turing the first or “ roasting ” stage, the 
temjKiraturo is kept ladow (he iusion ])oint of the ore-charge, 
and air is admitted to convert part of the lead sulphide to oxide 
or to sulphate, 

HbS -f 30 = PbO -f SOj 

PbS + 40 PbSO,. 

During the second, or “ reaction ” stage, a higher temperature is 
used, so as to melt the f-harge, and the oxide or sulphate is reduced 
by the excess of lead sulphide to*motallic lead.* 

2PbO -f PbS 3Pb -f- SOj 

PbSOi -1- PbS - 2Pb -^l- 2S0j. 

It is extremely likely that, even when the process is carried out 
on a shallow hearth in one operation, the smelting really takes jdaco 
in these two separate stages. * 

At the present time most of the world’s suj'ply of le-ad's ol.>teined 
in the blast-furnace. Before the introduction of the ore into the 
blast-furnace, roasting is necessary, and this is carried out under 
such conditions that the fire ore or concentrate is aggloniorated to 
a hard compact lump, suitable for the blast-fimnaco charge; fine 
powder is, of cca^o, use^s for “blrst-furnMe smelting. The 
roasted mass, containing most of the lead as’oxide, is then mixed 
with fuel and smelted in a blasi-fumace, where the oxide is reduced, 
• • 

’These are both balanced reactions. For equilibrium conditions, see» W 
Stahl, Chem. Zeit^39 (I91S), 886; K. Schenebank A. Albers, Zeilscti. Anorg, 
Ohm. 105 (1918;, 146. ^ a 
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lainly by tarl/ii.anQ carbon monoxidqS—although/tA' simecxteift, 
y the surviving lead sulphide- -io metallic lead.'' ' 

A distinct method of obtaining load from sulphide ores is by 
eating with s(irap-iron, usually iiJ a reverberatory lurnace. This 
recess is rarely'used as the main method of sme|ting an ore, .bpt 
I sometimes used for v'J'orking up slaggy residues containing galena. 
Smolfiny> in Sha|lnw Hearthg . The method of hearth-smelting' 
'as deveioi^ mainly in Scotland. It was afterwards adopted in 
.meriea, but became largely superseded by blast-furnace WT'.lting ; 
itely there has been a tendency to revive it in an improved form 
the “mechanical” Scotch hearth) in placi« whore rich lead 
oncontrates are available for smelting in (juaetity insufficient for 
oonomical blast-furnace treatment. i 
Fig, 2(1 shows the essential sehmne of an ore-hearth, ‘ The sump 
i is filled with molten lead, which is able to overflow down the 

sloping plate B into the lead- 
])ot (I. Upon the lead in A 
^lloat!*a pile of ore and fuel 
(coal, cliarcoal, or even wood) 
and usually a little lime, 
U])on this charge plays a 
blast of air from the tuyere 
1), The blasts oxidizes the 
lead sulphide to (txide (or 
sulphate), which is then re¬ 
duced to metallic state by 
, the undecomposed sulphide, 

Fio, 2(5, Oro Hearth. or by the fuel, and thus the 

volunu! of lead in ific sump 
,s increased, and lead overflows into the lead-pot. Every five or 
ten minutes, the workman draws out the lower portion of the 
clif rge, which has become sintered to form a hard mass, on to the 
sloping plate, and separates the half-decomposed ore, or “ browse,” 
tronfcthe^'lag, which is removed. The half-decomposed ore is then 
put back on to the hearth, and fresh charge is added to make up for 
what has •disappeared. 

The early Scotch and English hearthi#uacd to become so hot that 
every Jen hours the working had to bo interrupted, so as to allow 
the hearth to cool.‘ l^Ioderft hearths a»o usually water-cooled, and 
dan be used continuously. The ma^n disadvantage of the hearth 
method of leW-smclting is the pmount^of lead carried off^by the 
blast. Formerly this was a source of serioils danger to the worknJbn 

■ W. E. Newnam, &ttg. Min, J. 106 (1918), 101. Ck)rap(ire A. S. Dwight, 
Knn. Min. J. 102 (19181. 871. . 
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elhiployed, but ’the method/ of cofrying off thv. fum -s afc now very 
much improved by the installntion of auction fana. The production 
of fume involvea a serioua loaa of load, although the dovolopniont 
of wator-coolid licartha in America has greatly rcduceil this loss. 
It may be^mcntjonod that in sonic American worlis the production 
of.fumc is actually aimed at, the dust heing recovered by filtering 
• the gases leaving the hearth in a bag-house. This dust is used 
in the manufacture of lead-pigments—a subject which will bo 
consij^rpd later. 

It is not advisable to u.se the ore-hearth for lead-ores rich in 
silver, a,s considerable loss of the precious metal would occur. 

.SiTie Jting in Reverheratnry Furnaces. Ibwerberatory smelt¬ 
ing was largely develo])ed in fins country, notably in Flintshire, 
Shropshire,’ and Derbyshire, whilst different forms of the jirocess 
have been evolved- more or U‘ss independently - in Silesia and 
Carinthia. The shape and size of the furnace, as well as the 
temperature of working, differ considerably in the various districts, 
but the c.sseiitial featuns of a lead reverberatory furnace are shown 
in Fig. 27. Tin principal |)oiut to which attention should be called 
is that the. hearth-bottom is made to slope towards an opening in 
the side through which tin molten lead can be tajipcd, a jiot P 
iM'ing placed outside the furnace to receive it. 

The ore is usually charged in through a hopper H. It is roasted 
for two*to six hours by moans of hot gases coming from the grate G, 
plenty of air being admitted by the open doors I), D, D in the side. 
During the roasting the ore is frequently turned over. When 
sufficient oxide and sulphate have fieen produced, the doors are shut, 
and the charge, is more strongly heated. During this stage the 
sulphide reduces the oxide and suliihate, producing metallic load, 
which begins to settle into the sump of the hearth. The difference 
between the gravities of lead and the unreduced sulphide is not 
sufficient to produce a very complete separation into i. o layers. 
Therefore the separation is often aided by “ stiffening ” the suipnidc 
phase with lime. A charge of lime is Stirred into the oia/.^ above 
the sump ; this mixes with the unchanged galena and si ig, and 
raising the melting-point of the slag makes it pasty, bn' leaves the 
lead in the fluid conditi<..». It then becomes.comparajvoly easy 
for a skilled workman to draw up, with a rabble, the whole of the 
non-metallio maVs on toothe upjfcr part of •the hearth. Ujion 
further cautious heating, any metallic lead which has been dra./n 
up .with it drains back into the sutnp, from which the "metal may be 
tSippcd inf a molten sAte.t,/ • ' 

In'tnglan^ it is customary to he^ tie charge rather rdjtidly 
in reverberatory furnaces ; thix makes a high rate of output in 
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proportion to tliL giza of tho furnace, aijd minimizes tM fuel con 
sumption; on tho other hand, it hivolves a considerable loss o 
load in tho fume. , ■ 

It is usual iti England to commonco the second f'reaction” 
stage whilst lead sulphide is still in considerable eJtccss of thi 
amount roqiiircid for roaetion with the sulphate ana oxide present, 
consequently after the reaction stage-has yielded all tho lea( 
possible, the residue is again roasted, and then heated again strongli 
to yield a second quantity of metallic lead. Even after this r^jvitoc 



treatment tho slag left contains unaltered lead sulphide, and is 
sometimes further worked up for the •■ocovery of tho residual 
metal. 

In Silesia, a lower tempcraiturs is employed,‘asd. the loss of lead 
by,volatilization is much less. Tho procrascbmmences with along 
roast, followed by alternate short roflsting and reaction periods. 
TJie lead tapped during each roactibn period is collected separately; 
most »f the silver is concentrated in the earlier tappings. A siiailar 
method is used in Belgium and in Carinthin.; the procbhs commonly 
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described Aii tbft “ Carinth^n prjeosH,” carridd o^in st'ory small 
furnaces, is almost obsolete, * 

Blast-furnace Smelting.‘ Although the smidting of lead-ores 
in hearths or reverberatory furnaces is suited for, comparatively 
small loadjmidu^ung districts siicb as e.xist in Kiirope, in those 
regions where large supjdics of lead-concotitrates hav(‘ to fie handled 
•the blast-furnace method is’generally preferred. 'Phe greater part 
of the lead produced in the United States is obtained in the. blast- « 
furna<Nk.> 

The ore or concentrate is first rmalcil so as to (ionvert sulphide 
to oxide ; the first. |)art of the roa.sting may be eonducteil in the 
ordinary midtiple-luiartb roaster, or in a reverberatory furnace; 
but the roasting mast bo fini.shod in sonu! form of plant which gives 
a sufficiently high temperature to sinter 
the mass and thus to produce a hard, coarse Suction 

product which is suitable t?>r a blast-furnace 
charge. This sintering is often carried out 
in a Dwight-Lloyd plant, which has alnsady 
been described m connection withHhe agglo¬ 
meration of the finer ores of iron and other 
metals (see Vol. Ill, pags 02) ; in that 
plant, the fine partly-roasted concentrates 
are mixed wi^i fuel and sintered in a “ down¬ 
ward ” •draught of air. Another oldiw 
method, known as the Huntingdon- 
Heberlein process, employs an “ updraft ” 
of air to agglomerate the ores. * 

This latter process is conducted in a cir- Fig. 28,- tfuntmgdon- 
cular irSn pot (Fig. 28) of capacity varying Jlcbcrloin rota, 
from 1 to 1.5 tons (usually about 8 tons), fitted 
with a perforated plate P as a false bottom. Below the ; late a 
pipe enters the pot, thrdfigh which a blast of air can be forced, 
and when roasting is in operation the pot is surmounted \,f a 
hood; H, connected with a pipe through’which the fumeyiroduced 
can bo sucked away to a bag-house or other dust-collecting pTanJ. 
The pot is commonly mounted on trunnions like a convertor, so 
that tfie contents can be tipped out at tbe completion of thyi prixioss. 

In charging the pot, a small amount of coal Ls. placed on the 
perforated plate, afiU’above it, a qvfhntity of partially roasfed ore, 
still hot from the furnace, as a “Jcindling charge.” A gentle blast 
is then turned on, and the remainder of the pot is filled up with 
purtialfy roasted ore—cbld and previously moistened with water—j 

^ A.^. Dwight, Eng, Min. J. 132 (1916)^67li I. A. Palmor, Min.*Eng, 
World, 41 (19i 4 756. o , , 
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mixed witk Then the bli^t is jnereaspd arfd*tlfe reactioh 

eommenccs. The sulphide is oxidiAsd to oxide, and Ohe temperaiture 
rises high enough to sinter the eharge, and eause it to agglomerate. 
When the juoce.ss is eomplete, the contents of the jfbt are turned 
out, often coming out almost as a solid block. It jp blo^n up argl 
is then in b suitable statedor charging into the blast furnace. • 
The presence of lime in the charge is'a distinctive featMO of the 
Huntingdon-Hebcrloin process. Several different views have been 
put forward to account for the beneficial effect of th(' liiVU«i? The 
iiwontors' of the proce.ss considered that it acted as an oxygen- 
carrier, calcium dioxide (CaO^) being alternately formed and 
decomposed, and that the roa.sting was thus accelerated. Another 
authority^ thiidrs that calcium plumbate is formed as an int«- 
mediato product. Numerous other ex|)iabationB have* been put 
forward.’ The true eause of the action of lime is probably to bo 
ascribed to the fact that the change • 

Pb8 + 30 PbO + S(\ 

Ls a balanced reaction. Any substai'ce like lime *vhich absorbs 
sulphur dioxide will favour the‘ change in the “ left to right ” 
direction. Jt should be noted that when the or(! is roasted in the 
absence of lime, part of the galena is ifot (^inverted to lead oxide 
but to sulphate, according to the change 
PbS -f 40 PbSO,. 

Since no sulphur dioxide is produced in this alternative change, 
there is no reason to think that the presence of lime will be favour¬ 
able to it. Wo should expect, ttierefore, that the charge roasted 
in the presence oflimo would contain more oxide and less sulphate 
than a charge roiusted, to an equal extent, in the absence citnime; 
analysis has shown that this is actually the case. 

There is, howovcr,‘but little doubt but that the beneficial action 
of the lime is in part that of a diluent, allowing the air access to the 
sulfSiide, and preventing the whole mass from agglomerating before 
the oxidation is complete. • It has been shown that various inert 
subswinced' such as quartz, slag, cinder, or iron-ore, which can 
scarcely pla^y any chemical part in the oxidation, nevertheless act 
beneficially in the roasting of lead ores.t In one method of pot- 
roasting, known as the Carmichael-Bradford process, which has 
attained*some importance in,Australia, (jalciuiirnsuJphate (gypsum) 
is ,used in the place of lime. 

■ i 

* T. Huntingdon and F. Heberlein) Eng. Jtftn.tJ'. 81 (1006), WOS 

’W. Borchors, MetaUurgie, 2 (1606), 1. 

*U. O. Bannister, Tran^. 1‘^i. Min.*Met. 21 (1911-1^, 346. 

* €. Guillemain, Eng. ^Min. J. 81 (li906)» 4f0. 

• f 
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* At som^AMricaij workg, attfiiipts have to carry out 

the »prolimmar^ roasting in Dwiglit-Lloyd plant, followed by 
eifttering in the. Hnntiftgdon-Heborlein ])lant, thus disjK'nsing with 
the inulti]ile-hearth roasting furnaces altogether. 

,T4ie sinjer^d nias.s~ broken uj) if nece^ssary int» lumps of appro- 
paiato size- is nn.ved with cokee and suitablt fluxes, aiuf is (tiarged 
I into the blast-furnaces. *'J'hese are usually rectangular water- 
jacketed furnace.s, rather similar to tbose used in the nutallurgy^ 
of cgjjjjjjf (8»e page 29), but the. water-jacketing is not dsually 
carried to the top. The average size is about 18 x 4 ft., with 

Dust-free 
Gas out 



Dust-laden 
Gas in 
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an ortsrolumn about Hi ft. bigli .\t mw. big Australian works, 
furnaces have beeti emjiloyed wilh a working height of 2S ft.^ 
The reactions occurring in the hotter portioiw of the furnace are 
essentially a rediution of Jead oxide by carbon or cai boii monoxide ; 
but where the charge still eontaiu,s uneotivertcd lead su.|jhidc, this 
aids in the reduction of the lead to tlu'.metallic state. Of the pro¬ 
ducts obtained at the bottom of the fiiriuice the lead ■. diwwn 
off through a “ sij)hon tap ”; a certain amount of tu dte abd 
slag flow out into a settler, where they separate i7'*., ’two layers. 

The gases emerging troin the blast-furifaccs, roasters and 
Huntingdon-HebenLein plant (if InijtalhsI) are in ail modern works 
led through a bag-hou.se to as to catch the dust. The bag-house 
consists of a large number ofVong cylindrical bags of wool or cotton 
^ung side^by side (Fig^Q), ThiMength of the ba^s may bo 25 ft., 
whilst the diameter is usuallj' about 20 in. The dusty gasp,8 are 

H. O. Hof«%n, Min. Ind. 28 ('(919), 424. 
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passed into Ae^teri«r of the bag^ and ^re draTO by a fdh through 
the fabric, thus being filtered free Crom suspended Holids. Indhe 
early bag-houses the area of the bags needed to filter the gases was 
extremely large, because many oT the pores in the fabric soon 
became choked" .with solid particles. Modern bag-houses arp 
fitted with devices whciieby the bags are periodically freed from the 
solid matter which has accumulated. 'Such devices provide not 
merely for a mechanical shaking of the bags, but also a periodical 
reversal of the pressure, so that the distended bags suddenly collapse, 
dropping the solid matter contained within them into hoppers 
beneath, whence it is discharged. By improvements of this kind, 
it is possible to reduce the bag area needed for filtration very 
considerably.* Por the finer fume, which would not easily be 
removed by filtration, electrostatic precipitation has proved 
invaluable. 

In many American works where arsenical ores arc treated, the 
dust from the Irlast-furnaees consists largely of arsenious oxide, 
and is used as a source of ai'senic. 

Lead Refining and Desilverization 

The lead produced in any of the processes mentioned above 
contains small amounts of other metals, such as silver, copper, 
arsenic, antimony, iron, zinc, bismuth, and tin; it usually also 
contains some sulphur. The most valuable impurity is silver— 
which is always present—except in the lead made from non- 
argontiferous ores, such as those of Missouri or Carinthia. In many 
cases, especially v,;hero the lead has heon used as a “ collector ” 
of silver from a silver-ore, the silver represents a large fraction of 
the value of the metal. It is therefore necessary to employ some 
method which allows the recovery of the whole of the silver, without 
sacrificing more of the lead than is necessary, and which at the same 
time,leaves the lead as far as possible free from other impurities 
which are for different reasons objectionable. The three main 
processes c' desilverization used are dependent on— 

(1) Extraction of silver by molten zinc (Parke’s process). 

(2) Electrolytic parting (Betts’s process). 

(3) Fractional crjstallization (Pattinfon’s process, and later 

pnxresses on the same priiiciple). , 

Parke’s process ^ is more largely used than the others, but 
as the method pnly serves to remove silver and gold, and would 

“ 0 

^Compare H. 0. Hofman, Eng, Min, J, 105 (1918), 93; W. E. Gfbbs, 
J, Soc,'Vhem, Ind, 41 (1922), 192t. 

» E. Sohlippenbach, Met, <f, Erz! 15 (1918), 3??. 
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leave the objectionable imp^ities in tiftt lead, the latter is first 
fubjectedto^Mimi.nary iyfiniiif> (“ softening*”) i/iM reverberatory 
furflace. Tho*lcad is slowly niclted, and some of the impurities— 
^#hich are only partialty miscible with molten lead at temporatmes 
a little above the mclting-poinl—rise to the surface as a “ dross ” 
emd are slynim(^ off ; the dross usually^consists of cop^)er, sulphur 
a»d arsenic, topither witli a certain amoinit of lead. ‘ When the 
♦ dross has been removed, tlie teraperuture is raised to a good red 
heat, and air is admitted to the furnace. Under these oxjdizing. 
coiuiith^is, rtie easily oxidized im))urities such as tin, arsenic and 
antimony are eliminated, partly a.s a fume consisting of volatile 
oxides of arsenic and antimony, but largely as .scums consisting 
mainly of lead stannatc in the early stages and lead arsenate and 
abtinioniatc in the later .stage.s. These scums are I'cmoved and the 
furnace i# ta])pod. * * 

The extraction of silver from lead by molten zinc is analogous 
to the extraction of fatl/bodies from acjueous solutions by moans 
of ether or benzene. Silver is soluble in molten lead, but it is far 
more soluble in inolteji. zinc. If molten lead be stirred up with 
molten zinc, iT.u metals do hot mix completely, but form separate 
phases, just as do ether and water. At a temperature of 360° C., 
the. Iliad will oidy dissolveJtO per cent, of zinc, the rest of the zinc 
lemaining as a .separate jihasii. If the lead originally contained 
dissolved silver, this silver will dislribiito itself between the two 
j)haso»in suiih a way that the silver-concentration in the zinc is 
far greater than in the lead. Consequently, even if only a small 
quantity of zinc be stirred into molten argentiferous lead, it will 
take up practically the whole ofMic silver, together with any gold 
and platimim piescnt.* The zinc is lighter than the lead, and 
therefcre forms a layer above it, after the stining. If the metal 
be now allowed to cool and the light crust o' zinc which solidifies 
first and floats on the surface be ladled out, it will be f i.ind to 
contaui nearly all the silver ; llu^ liquid lead below is co"’paratively 
free from the precious metal, but now contains some znic. * * 

I» order, however, to extract the 8ilvci'.,completely two (some¬ 
times three) successive additions of the solvent zinc 'are iJsually 
made. The total amount of zinc added is about l -,2 ))er cent, 
of tUe lead. Most of the silver is contained in the zinc crusts 
skimmed off after the first addiition of zinc. 

The various cine cru“tis,contain"zii?K; and siiver and a great deal 
of lead, most of which has to-n, brought oul mechanically adheiing 
to the crystals. Owing to the comparatively small amount of zinc 
ssontalniiig the silver, it would not bo entirely fatal to the economy 
* D. A. Londsberg, Met. u.,£r<> 15 (1018), 37. 
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of the process if thO f^mer metal were largely sacrjficSd in the 
extraction ®f tj>« jjroQious element^ In practice, howe^rci*, 60-80 pflr 
cent, of the zinc can be recovered. '“The usual mcthdd of separation 
of zinc from silver is based upon the volatility of the first-nan»d 
metal, the zinc being driven off by distilling the alloy from retorts 
set in a hot furnace. The zinc distils over and is 'cohdensed jn 
adapters, is in the ordbiary smelting of zinc, whilst the silver and 
load remain behind. 

After the zinc ha.s been removed by volatilization, a silver-lead 
alloy remains. 'I'liis is always treated by “ cupellafion,” ;,>that 
is to say, it is exposed, in th(! molten state, to a strong blast of air, 
which oxidiz(^s the lead to litharge, but loaves the more noble silver 
in the metallic state. The litharge which flows away molten from 
the hearth has a very appreciabh^ value. 

The furnace usually employed for the Wxidation of the lead is 
a special form of small reverberatory furnace. In order to facilitate 
the rolinitig, the hearth is generally madr, movable, although in the 

so-calhal “ (h^rman ” furnace 
the hearth itself is fixed and 
only the hood wiiich covers it 
is removable; even in Gcr- 
maijy, however, furnaces with 
the hearth (•(unplctcly remov- 
abl(! are. now common. Pig. 
3(f shows the furnace prderred 
Fm. .TO.—('u|iclliaioii Fumiicn. in Pngland and America, along 

with the carriage used in re¬ 
moving and ro|)lacing tlu^ health. The lu'arth is lined with 
marl, magnesite,' or cement, which is beaten down so that the 
top has the form of a shallow .saucer ; when fixed in position 
it is charged with the lead-silver alloy to be treated. The 
charge is heated strongly by hot gases coming from the grate (}, 
and the molten metal is exposed to the air-blast forced in under 
pressure from the tuyere T placed just above the .surface. The 
oxidation of the lead conunences .slowly, but as soon as the formation 
of'iilharge lias begun, the latter substance acts as an oxygen-carrier, 
and the formation of further litharge proceeds apace. The litharge 
formed on the surface is blown along Ijy the air-blast froih the 
tuyere, and flowing over the surface of the load, runs out con¬ 
tinuously through a,, channel in tfio opposite’ side of the hearth. 
Filpfally, when the wholh of the lead has been oxidized to litharge, 
and the last portion of the oxide scum 'clears off from the silver, the 
bright sinfaco of the precious metal suddenly becomes visible, and 
the extraction of the sily cr from tlie lead is complete. The silver— 
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which generally coi^ains a trkio of gol4—is sent to the silver- 
refinery f(A ‘'•^rting.” ; » i • 

Ir. some German establishmeVits, it is customary to collect the 
firi; portions of the Htharge, wlii(^h usually contain the easily 
oxidizablo cleinent antimony, Sbi)arato!y from the purer material 
obtained ^^'tei•. This antimonious litharge has a lower value for 
th« manufacture-of lead pigments thandho.puix'r oxide, but may 
.profitably be smelted to obtain the lead-antimony alloy known ivs 
“ hard-lead.” 

Th^ Jpilvttrizcd load obtained from the Parkes process contains 
enougff^ine to render it hard and rather brittle. It is there'foro 
“softened” again, usually by passing steam through the metal, 
which oxidizi's anil removes the zinc. The Parkes jirooess— 
although the cheapest method of desilverizing lead- leavi-s the lead 
more imparc than the* i thcr two processes. Any bismuth, for 
instance, which may eeist in the lead before the desilverization, 
remains in the lead at tin end. It is mainly for the treatment of 
lead containing bismuth that the other two ]irocesKea of desilveriza¬ 
tion are used. 

Betts’s Eleet.'olytic Process.'*- 'I'he Betts method for separat¬ 
ing lead and silver depends u[)on the dilTerenees Iwtween the anodic 
behaviour of the two metals. ’I'lie jn-inciple is the same as that 
employed in the electrolytic jiarting of silver and gold, but 
dilticulties W(;re experieiua'd in working out an electrolytic method 
of h'ad+elining owing to the fact that from most solid ions lead 
is deiiosited- not as a smooth adherent coating upon the cathode- - 
but as a loose mass of dendritic crystals. Betts solvi^d the problem 
by the em])loyment of a hii,th*of lead siliciflnorido (PbSiF„) 
containing free silicifluoric acid, together with glue a« a colloid 
addition. Anodes of . the .-ii ge.ntifc mus lead to Iju-Jtdiu ud are hun g 
in this bat h. Thin cathodes of pure leadjtfeJuuiKitPPosite to them. 
When a inoder aTe Trurrent is pa.ss(jrT)idwe,en t he ele c trodS IlSuLis 
deposited as a compact tlu])o.sit pip I hi; cathode., wfulst ■ gimilar_ 
quantity of th e same metal-isjlissolved at thiijuujde.;. the cm rent 
e fficiency o f th e process i^ajd-lo be, iJSMIlJ'I-por-cfiijt. The silv^ 
present in the anodcunatcrial is no^plisspijyigib. hut i£ Jouii 
i^rlf “dfr'^Th g f o tlic a ho(Iol~ This anode sludge is p- riodically 
scraped off ; it will usually contain other impujities of a^'‘ noble ” 
character, such as arsenic, antimony, bismuth, copper, gold and 
selenium. The treatment*of the ilnode sludg* varies in dSffcrent 
places and lu'cording to its citniposition. It is sometimes trcatml 
in a reverberatory furnace uhder^ oxidizing conditions to remove 
the oxidi*i.ble arsenic,''antimony, and the remaining lead; thq 
. I A. O. Butts. MtUtUunie. b tl<08). 233. * 
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gold-silver'bullion left ^‘hlnd can le parted eJtectrolyticaSly to give 
pure silver. • • c t ^ * f e • 

The Betts' process is worked dn a Wge scale it Trail, British 
Columbia, and also at Newoastle-on-Tyno. The process is particularly 
successful where the crude load cbntains bismuth, As the bismuth 
is completely removed from load by the refining tdef^od, aud^is 
found in the anode slimes j the bismuth forms an a'iditiohal valuable 
by-product. It is stated that it is mafinly duo to the separation of 
bismuth that the process can compete with the Parkes process. 
Whore the anode slimes contain much bismuth, they are sometimes 
cast once more into the form of anodes, and subjected fo further 
electrolytic refining in a cell containing bismuth chloride solution. 
Bismuth is dissolved at the anodes and deposited on the cathodes, 
whilst the anode residues on this occasion consist mainly of silver 
and gold.* 

Pattinson’s Process. The method which was at one time 
most extensively used for the desilverization of lead was due tc 
Pattinson. It depends upon that fact that when an argentiferous 
lead is molted in a pot, and allowed partially to solidify, the crystal¬ 
lized portion of lead contains lesj silver than that remaining liquid. 
Since the crystallized portions can be fished out with a jx'rfoiated 
ladle, and separated fairly well ffonicthe still molten portions, a 
moans is provided of dividing the lead into two factions respec¬ 
tively rich and poor in silver. Each of these fractions can be 
treated again in the same way, and it is obvious that fiimlly, by 
continued fractional crystallization upon a methodical system, a 
lead practically free from silver can bo obtained on the one liand, 
and an alloy comparatively ribh in the precious metal can be 
arrived at on the other. It is not, however, possible to carry the 
silver-content above 2-5 j>cr cent., since this is the composition 
of the lead-silver “ eutectic,” and on allowing a mixture of eutectic 
composition partially to solidify, the solid will necessarily have 
just the same composition as the liquid.' But an alloy containing 
2-l> per cent, of silver is rich enough for profitable “ cupellation ” ; 
it is roasted in a blast of Siir, and the more oxidizablo lead is con¬ 
verted to molten litharge whilst the silver remains in the metallie 
state. Thp litharge produced has a considerable value, and anj 
small loss of load involved is of littl«> account compared to th( 
value of the silver. 

The crude proceis as suggested aboi'e involves a great deal ol 
Inbour, but mechanical processes upon the same principle are stil 
used to some extent. In one of these, the mixing of the moltei 
lead is carried (tut by means of a steam-jet, and the separUtionml 
> A.'T. Wird, Min. Irul. 28 (1919), 66. 
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liquid _tl»e crystalliiM! lead is effeSi^ed by dniwylg off the 
fiptrmer by a tap at the botK iii o''*lho vessel. In geIl'^ral, however, 
there has IxHsn a tendeney for tlie Pattinson pnH'es.s to bt'replaced 
by the jiroeesses of Parkes and Uetts. 


Uses of Lead 

The general usefulness of lead is due to a variety of causes. 
Owin^to/yhe •jilentiful supjily of ore, and th<! (‘ose with which the 
reduction is effoeded, it is a eoniparatively ine.xpeiisive material; 
in fact, it is —in the normal state of the metal market—the cheajxist 
t)f all metals, except iron. Purtheinums as has l)een pointed out, 
it IS practically unaffected by exi«isure to air and water; sujht- 
ficial nxidafion certainly do(‘s take place at first, but the products 
nf oxidation jiroteet the metal from fuidluT attack. It is thon’- 
fore much euqiloyed in the flat portions of house-tops : the rate 
of corrosion is generally slow, but varies, not only with the state 
of the atmosphere, but also with the eharact(‘r of the material 
on which the lead is laid *; it should not bo placed in contact with 
cement. Iji'ad jiipes arc commonly used for the convey.ancojof 
water except in easi^ of phimho-solvent waters (.vee below). The 
joftness and malleahility of lead adds to the value, for lead may be 
cut and bent jvithout difliculty at the ordinary temperature ; and 
igain pii^es of lead can be joined togidher by solder, or by auto- 
renous welding, owing to the low melting-point of the metal, 
whereas iron must genei. Jly be fastmied by bolts or rivets. Where 
i slightly harder and stifh r m.aterial m.ay lie required lead can be 
hardened by dloying with a little arsenic, antimony, or tin. 

Lead IS likewise used largely in the protective sheathing of 
telegraph and telephone cables which are to be buried. The metal, 
however, is not altogether immune from attack, and eases oi cor¬ 
rosion of the sheathing are Ix-coming increasingly comm .; , many 
af them being duo to stray electric currents caused by leakage 
from tramway systems.^ .Sometimes cul-ioui, intcrgranui'y: erqj‘]f§, 
develop in the lead sheathing, comparable to those met vitli in 
the seMon-cracking of brass. They develop especially .here the 
grains of lead have smooth and straight boundaries, site, ‘ under 
these conditions small stresses are able to pull the individual grains 
apart, either threugh the ^adual'flowing of‘the plastic inter¬ 
granular cement, or through i^s pveferential removal by corrosion.' 

• ^ Aiirqiart! ,T. S. S. If.ume, ./. Sor. O/iem. /mi. 37 (T91H), 39-. 

*#Iirou8ae, Compicft Bend. 157 (1913), 703. 

^ I-. Arefi^ill, ‘/runs. BnraJay .Soc. F7 (1921), 22. 

M.C.- vor,. IV. ' ' 
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This parting of the grtiins from one another Wurally^ takes pl^ce 
most rca^HyVwhorrf the lead is^i^ tension A 

Speeial uses of lead depend upon its stability in the presence of 
certain chemically active substanfies ; the chamliers and pars used 
in the manufacture of sulphuric acid are lined with, load, the only 
cheap m^tal which withstands the acid at thff tempOraturfe in¬ 
volved. Much discufeion ® has takeii place regarding the relative 
merits of pure lead and impure lead 'in resisting the action of thi 
acid. Some authorities condemn the lead produced by the Parkes 
process, and ascribe the bad resisting power of thht n.atftial to 
the presence of antimony and bismuth; it is, however, believed 
that the bad effect of antimony can largely bo coujitoracted if a 
little copper is also added to the lead. 

Lead-lined wood tanks arc frequently uspd for chemical operatfons 
on a large scale, in cases where the only alternatives would bo com¬ 
paratively costly vessels of stoneware. Moreover, in electrolysis, 
lead is the only cheap metal thoroughly suitable for use as all 
insoluble anode in a sulphate solution ; the comparatively insoluble 
lead sulphate is first formed uijon ^hc anode sur(aee, and is then 
oxidized further to lead perojAdo. When the lead is completely 
covered with the brown peroxide layer, it becomes almost immune 
to further attack, and the only effect of continued electrolysis at 
the anode is to cause an evolution of oxygen. It is true that the 
peroxide sometimes flakes and drops off, being replaced by further 
slow attack of the lead. But this can bo prevented by bi’Ming the 
anode round with fabric, and a cloth-surrounded lead anode may 
be regarded almost as a permanent electrode in a sulphate 
solution. , 

Lead Plating. During the war tiie plating of steel with lead 
was used for certain purposes, notably for the lining of certain 
gas shells. The same silicifluorido bath which has been numtioned 
in the electrolytic desilverization procesjt was sometimes employed, 
whilst another bath containing lead as fluo-borate gave good results.'* 
Baths containing ix-rchloj-ates ■* have also found advocates. 

•Tron u also occasionally given a protective coat by Sipping 

> H. S. ilowdon, A. I. Krynitaky, and J.,F. T. Berliner, Met. CItem. Eng. 
26 (1922), 109. ■ 

* Compare the views of D. W. Jones. J. Soc. Chem. Irul. 39 (1920), 22lT, 
with ttiose of C. E. jjJarrs, J. HocnChent. Itvi. 3tf (1919), 407 t, and those of 
W. G. McKellar, J. <S'ot. Chem, hid, 40 (1021), 137t. 

” * W, Blum, F. J. Liscomb, Z. and W. E. Bailey, Trana. Amer. 

Electrochern. Soc. 36 (1919), 243. Compare W. Lange, Zdtach. MetaUkunde, 
13 (1921), 267. , • « 

* F. C. Mathers, Trans. Amer. Electrochern, Soc. 26 (1914), W. E. 
Hughes, J. Vhya. Ch(m. 56 (1922), 316. 



•lead 


« 


275 


iqj» molten lead, or into an alloy of iLad with.tin .or anti¬ 
mony. ■' t ^ '' 

i!?lumbo-solvency. When load is used, for instance, os a roofing 
material, an}' minute amount of dissolution that occurs may bo 
neglected until, in the lapse of time, it calls for a replacement of 
thij metal. But,'V the case of a lead pipe used for the conveyance 
.of drinking-water, it is necessary to consider tlio effect of corrosion, 
not only upon the pipe, but also upon the water. Owing to the 
poisonous clujracter of the metal, the proseneo of oven a small 
trace of lend in water is a very serious matter. 

The main fact determining whether lead will pass into solution 
or not in the presence of dissolved oxygen is tlio possibility of the 
formation of a protective film on the lead. Hard waters containing 
much bicaijbonato and l a'phate of calcium arc likely to produce 
a protective film of the eorrespomling insoluble lead compounds 
on the metal. Furtherni<v-e, the reaction of the water upon the 
lend necessarily involves a drop of the hydrion concentration; 
and, where the calcium originally exists in tho water as bicar¬ 
bonate, this diminution'in the hyib'ion concentration may cause a 
deposition of calcium a« carbonate, just at tho place where tho 
lead is being attacked. Tims we obtain upon tho interior of the 
pipe a protective layer of chalky scale, which is very efficient in 
preventing the entry of lead into the solution, although, in extreme 
cases, tl)f scale may ultimately block uj) the pipe, and may thus 
cause trouble of another kind. 

On the other hand, soft waters sueli as arc derived from moor¬ 
land districts, cause little or no softlo on the metal, and lead may 
pass into solution. This is particularly the case if tiie water con¬ 
tains aiaons which would tend to form a soluble complex salt of 
lead. Thus waters containing nitrites have a distinctly “ ])lumbo- 
Bolvent ” action. Excess of free carbon dioxide— as oppofcd to 
calcium bicarbonate—is 5t,vourable to the solvent action. Such 
waters—^whieh are very common whore tho collecting-area ; a 
moorland region—require to be treated.Irefore they can safely bo 
supplied to a town where lead pipes are used. It is srateu that'tire 
formation of calcium bicarbonate is the most effective method; 
as litths as 2 parts per KX) 000 is said to bo sufficient to cause a 
“ plumbo-proteotiv© coating ” upon lead.' Many sligntly acid 
waters—such as are drawn from rese’voirs in thj North of E.rgland 
and Wales—^are treated witE ^me, whiting or'chalk, so as to reduce 
the acidity and ensure the prjsenc© of calcium bicarbonate in the 
wjter. • , t • 

^ J. W Liveraeege and A. W. Knapp, J. Soc. ^hem. Ind, 39 (1920),•27t, 
Compare Engineering, 97 (1014), 66, • 
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Alloys Lead 

Pure lead is too soft for many purposes, but can be hardened 
by the addition of comparatively ,small quantities of other me^s. 
The “hardener” appears to exist in the alloy—at,.least in some 
sases—as a eutectic surrounding the grains and s^ 'flenieg; the ll'hele 
structure ; thus the hardening of lead by means of a second mCtal 
is essentially different to the hardening of copper and gold, where* 
the hardener usually enters into solid solution. 

The number of possible hardeners are very numerous, *iecent 
ressiarches * having added to the list. Tin, antimony, anscnic, 
copper and calcium have all been used in practice. Of these metals 
the alloys of tin with lead have already been mentioned. Alloys 
of lead and antimony are of considerablq. importance. They con¬ 
sist for the most part of a lead-antimony eutectic in which primary 
crystals of lead (or of antimony) arc buried. The alloy containing 
13 jxsr cent, of antimony consists entirely of eutectic. The additiovi 
of small amounts of phosphor-copixir to these alloys increases the 
hardness, and renders the grain fin^. Alloys of, lead containing 
0-5 to 16 per cent, of antimony are known under the general term 
of “ hard lead.” They combine durability with a high degree 
of resistance to chemical action; consequently hard-lead is em¬ 
ployed in the pumps which are used at chemical works for the 
circulation of acid liquors, and also for the grids of, accumulators 
and many other purposes. Type metal, which often'contains 
26-30 jHir cent, of antimony, and usually some tin (10 per cent., 
or sometimes, for high-class woj:k, even 26 per cent.) is much used 
by printers. T',>o prc8<mce of tin increases the hardness through 
the formation of the hard inter-metallic compound SbSn. which 
was referred to in the discussion of beaiing-metals. Tor linotype 
work an alloy with less tin (2-6-3 per cent.) and antimony (10 per 
cent.) is used; this alloy melts at about 238° C.^ Type metal 
coinbinos easy fusibility with considerable hardness, but its special 
value lies in the fact that—in contrast with many alloys—it cx- 
q^i^'ds atthe moment' of solidification, and thus a sharp impression 
of the type is obtained. Similar white; alloys containing lead, 
antimony! usually tin, and sometimes copper, are includeij under 
the general term ■“ white metal.” 

Load containing a small amount of arsenic (0-6 per cent, or 
sometimes more) iS used in the manufccture of shot. The arsenic 
fulfils two functions j it serves to /under the lead more fluid in 
the liquid state—an important ♦actor in the formation of Jthe shot 

* C. 0. Thieme, J. Ind. JSnff. Chem. 12 (1920), 44ft. o 

• n. Mundoy, C. C. BSisettf, and J. Cartland, J. Inst. M-tt. 28 (1922), 152. 
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ii^the shot tovsy? I when the shot has solidifiod it acts ^ ^ hardener. 
An alloy of lead and calciuti, kniVn as “ Ulcb,” oftgiimlly intro¬ 
duced as a substitute for lead-antimony alloys, is said to ’bo quite 
efficient as a bearing-metal. “ Frary metal,” another alloy which 
has been rocemmended ns a hearing material, consists of lead, 
calcium and bar/un. It is made by the electrolysis ol a fused 
mixture of calcium and bqrium chlorides using a molten load 
cathode.i It should 1)0 noticed that alloys containing reactive 
metals like calcium are liable to lo.se their hardness on rcikmted 
re-niAing, owing to the removal of the hardener by oxidation. 


The Lead Accumulator 

The simi^lest form of tho lead accumulator can l«i mnd(5 by 
immersing two lead |)lnteK in dilute sulphuric acid. If a cunent 
Ih( now sent through this pell, the anode-plate becomes covered, 
nrst with white plumbous sulphate, and then with brown lead 
peroxide; finally < nough [xudxide is formecl to ))rot('ct. the lead 
Ix'low from further attatk, aed oxygtm begins to come off at this 
pole. The aeeunuilator is then known to Ixi charged, and can be 
used when required to furnish a current; when the (iell is dis- 
eharging, i.e. generating a. current, the lead |)eroxide lajcomes re- 
dia ed again to lend sulphate^ at the positive pole, whilst the lead 
metal becomes oxidized to the sulphate at tho negative pole. 
After the battery has been discharged, it can be nocharged a 
second time by passing an external current through it, when tho 
lead sulphate is reduced to spongy metal at the one pole and 
oxidized to peroxide at the other. The amount o^ active material 
(i.e. spongy iend and })eroxide) increases during tho first few 
(qHTations of charging and discharging. 

The simple form of accumulator suggested above is unsatis 
factory for various reasons; only a small amount of tho lead is 
attacked, a thin coating of jjeroxide being sufficient to lu otect the 
lead below from further oxidation. Thqs the capacity of the cell 
is small compared to tho weight and voiume. iiloicvver, thv 
peroxide is liable to drop off from tho flat surface of tho positive 
plate o» to the bottom of the cell. It may even com^ oi contact 
with the negative lead plate, with which it V?ill react, without 
producing any current 'n the exteinql circuit. This'-disintfsgration 
of the electrode material is tendered all the imJre probable owing 
to the change in volume whiJ.h occurs when the sulphate is con¬ 
verted f*» metal or to peroxide, an-1 also when the metal and per-, 
oxide i%tunied to sulnhate. All of these disadvantages are, Ijpw-' 

• * J. Soc. Chem, Ind. 41 ( 1 ^ 32 ), 8b. 

• c 
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ever, to Bfitif extent drercome by using—in the ^la^e^of flat le§c 
plates—grooVGd striated pldi^s; ctho iucreaaoS surface area 

brings about an increased capacity, whilst the spongy lead and 
jjeroxide adheres better to the grooved surface than to a p&ne 
surface. • ,, . 

The type of plate in which the active raatori^ (spefigy lead'or 
load peroxide) is produced from compact lead in situ by electro¬ 
chemical means is known as the “ Plants type ” of plate. The 
positive (poroxidized) plate of some modern accumulators is still 
made in that way. The anodic conversion of the surface of*S lead 
plate into lead peroxide is more readily carried out in a solution 
which contains—besides sulphuric acid—some substance like per¬ 
chloric, nitric, or acetic acid, which yields a soluble lead salt. 
Part of the lead enters the solution as a fiolublo salt, and is repro- 
cipitated on the anode us jx^roxido by a secondary change. Thus 
the film of lead sulphate produced on j;he anode is less continuous 
and consequently loss protective than if oidy sulphuric acid i's 
present, aiul the conversion of lead into peroxide proceeds more 
quickly, and extends to a more coq.sidorllble depth. 

But in mod(!rTi accumulator!! the negative plates, and usually 
the positive plates also, belong to the so-called “ Faure type ” 
consisting of a grid of cast lead, the pet^kets of which are filled with 
the finely-divided “ active material.” The grid is usually made of 
lead hardened with a little antimony. Into the pockets of the grid, 
a paste consisting of lead oxide and sulphuric acid is introduced. 
After this has hardened to a porous mass, the plates are introduced 
into their position in the aocjimulator. On charging, the lead 
monoxide is reduced to spongy lead at the negative pole, and is 
oxidized to the peroxide at the positive. Faure plates, have a 
much higher capacity compared to their weight than Plante plates, 
and are almost universally used for automobile storage batteries.^ 
In order that the capacity may be as large as possible—and also 
iiirfjrder that a high rate of charging and discharging may be allow¬ 
able without fear of buckling—the areas of both positive and 
diagativci .plates are made as largo as possible. In practie'e it is 
oouvenient to join a number of positive plates and a number of 
negative plates “ in parallel,” instead of having a single positive 
and a single negative plate of very l^rge area. The capacity of 
the cqll, i.o. the number of an.phre-houisL.of electricity which it 
can safely give outbnjts discharge, deptnds primarily on the amount 
6f active lead or lead oxide in the*plates. It is never advisable 
to convert riiore than a small fraction of the spongy lead, or lead 
'peroxide into sulphate, since this would‘involve volume changes 
, ‘ W. Q. Brooks, Tinhs. llmer. Eleilrochem. Soc. 31 icl917), 311, 
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which would tend fe) loosen the materiaL If an accumulator is 
allowed to st^d in in undischj,tged conditio'ii, thUjr^nSly-divided 
sulphate present tends to “ agglomerate ” into a less reactive form, 
and the accumulator is said to l>e “ sulphated,” An accumulator, 
whensulphated, has a greatly reduced capacity, and requires special 
treatment Ijeforo,.it regains its normal efficiency.' To ayoid danger 
of'sulphating, an'accumulator should nhver discharge itself com- 
* pletely, and consequently the practical cajracity of an accumulator 
is always far less than would Iw calculated, with the help of-Fara- 
day’iyla", ffom the amount of active material |)resent, on the 
assumption that the whole of the metal and i)cro.\idc may pass 
to sulphate during tlu! discharge. 

The final reaction which occurs when an accumulator is charged 
and discharged is usually written 

* 2P1)S04 ] 2H,0 Pb 1- PbOj + 2H,S04. 

The eijiiation read from lift to right represents the charge; when 
read from right to left, it represents the discharge. H is known 
that the lead pero.xide at the positive plate is appreciably soluble 
in the sulplmria acid ns plumbic sulphate, and actually the plumbic 
ions Pb'"' present in the liquid within the channels of the porous 
mass should probably be regarded as the real agents in the elec- 
frodic reaction. If so, wo can write the essential ionic reactions 

a 1 the two plates scj)arately in the very simple form ;— 

• 

• At the negative plate, Pb " + 2e ^ Pb 

At the positive plate, Pb " ^ Pb"" + 2c. 

It is noteworthy, however, th#,t the amount of sulphuric acid 
removed from solution during the discharge is oi.ly about half that 
which wo should ex|)ect from the equation 

Pb + PhOj + 2 HjS 04 - 2PbS0, + 2 H 4 O. 

Various suggestions have been made to account for this. According 
to one view,"' the positive plate contains, in the ch.u god a'ute, 
higher oxides than PbOj, for instance, PhjO„ and that they become 
reduced to PbOj during the discharge; if this were t'-’V), then po 
sulphuric acid would be removed from solution at the poshivo pole 
at alj. Other work,’ however, has suggested the ' h v that the 
oxide formed on the positive polo in the charged stal is mainly 

1 See G. A. Per’ ;y aiid 0. W. Davis, Phys. ChciA. 20 (1916), -64. 

* C. F6ry, J, Phys. 6 (1916* 21; Bull. .Voc. ChiPn.2$ (1919), 223. Recent 
work by 8. Glaastone, Trans. Cnnn. Soc. 121 (1922), 1469, 2091, supporte the 
view that a higher oxide may l>e present in anodically formdd load peroxide, 
hut o^y in very sniaU qiiuatitioa. • 

> D»A. Maclnnes, I,,.’‘gVdIer and D. B. Joubort, Trans. Amer. Elecitpehem, 
Soc. 37J1920),641. • • 
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PbOj; it seoms liMy on the discharge, it is not in/mediatel 
reduced Uf ptfm'^ovn sulphate (ybSOA but to ViS^O^^of perhap 
to basic sulphates, .rPbO.PbSO,, which would involve the fixin; 
of very little sulphuric acid, fSuch a vic\t ac'oounts for the ffici 
that comparatively little sulphuric acid is removed from t liquid 
and also accords with the fact that as . ron as the %matioii dI 
white pluiAhous sulphate on the plates liccomes envious to the eye 
the accumulator is known to bo over-'ilischarged. 

^ An accumulator never gives out the whole of the energy put 
into it; in usual practice, at least 20 per (amt. is lost.’- Tl>e ofcergy 
loss may be attributed to three main causes;— 

Firstly : th(( E.M.F. needed to charge the cell at a reasonable 
rate slightly exceeds the ecpnlihrium E.M.h'. (about 2 volte), whilst 
the R.M.F. of the cell when furnishing emrent is always slightly 
less than the equilibrium value. As a matter of fact, tlfo imlariza- 
tion of the lead accumulator is nunarkahly low (‘(unpan'd to that 
of many cells, and is chiefly duis to slight differences in the concen¬ 
tration of the acid arising from the limited rate of diffusion through 
the channels of the porous mass.' 'J’he jioVmtial diflcnmcc falling 
over the liquid within the cell during the charging or the discharging 
is very small -owing to the high conductivity of the acid—and the 
loss of offtcieney due to this cause is only slight. 

Secondly, the current used to charge the battery may not he 
devoted entirely to the production of lead and kayl peroxide. 
Some oxygen, for instance, is produced at the positive pole tewards 
the end of the operation, and likewise hydrogen at the negative 
pole. This “ gassing ” is clearly accompanied by the loss of current 
efficiency, and acccjrding to some ‘authorities - causes disintegration 
of the negative plate. Many makers mix a little mercury with the 
active material, and this probably servos to restrain “ gassing ” 
at the negative pole,^ since the. hydrogen “ overpotential ” on 
amalgamated lead is’higher than on ordinary spongy lead. 

Thirdly, when an accumulator stands in a charged condition, 
the Ipoactivo materials tend gradually to disappear. The lead 
peroxide lieing in contact with the lead of the grids, forms skort- 
cifculted cells of the type 

PbO, I H,SO. I^Pb 

M * 

and becomes slowly converted to load sulphate in a manner which 
produced no current an the external circuit. Further, if a trace 

' F. Bolezalok,Theory of Load Accumulator ”; translation by C. L. von 
Ende (Chapman & Ha^l)* « * t 

* A. Langer, Chnn. Zeit, 44 (1920), 749. . 

* According to A. J. iVIIi^aad,," AppHod Electrochemistry” (Arnold). 
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ol a metal like copper or silver is presen^in tie active lead of the 
negative* pole? torrorion .couple^ ef the typo i»* • 

Pb 1 HsSO, I Cu 

are set up, which will rapidly convert the active lead into its 8>d- 
phate ; ^or this reason, manufacturers of accumulators take the 
very greatest prd^aution to avoid the prejc-nco of metolli'' impurities 
^ in the load. If iron salts a*o present in the aeid, they cause a loss 
of charge at both (lolcs. They are oxidized to the ferric condition 
by the lead jx'roxide on the positive pt)le, and then, diffusing to 
the negative pole, are reduced to tlio ferrous stat(' by the sjiongy 
lead. Manganese is another objectionable impurity. 

Assuming that an av(‘rago E.M.K. of 2 :{ volts is needed for the 
charge, and that 1-0 volts is obtained upon discharge, and assuming 
further th^t tlu^ nuinU'” of ampere hours obtained on discharging 
is 9.T per e<'nt. of that consumed in charging, the energy <^flicienoy 
of the accumulator will lij' 

I 0 

• o.yo 7H"/ 

■) •! ' ’ ~ * u 

■r''* 

• •• 

The form of ihc lead accumulator varies eoiisidcralily according 
to the purjxyse for whiefi it is intended. At central stations, where 
the size and weight of the (clls is of le.ss importance than length of 
life, and whore rough usage can be avoided, the negative and 
positive platfs arc often suspended in acid at safe distances from 
one andlher in tanks of glass or lead-lined wood. I’here may be, 
perhaps, six negative and five po.sitivc plates in each cell, arranged 
alternately, the negative ones being on the outside. If a positive 
jilate were placed at the outside it would tend to buckle seriously 
owing to the unequal volume changes on the two sides. The acid 
used is of specific gravity 1-15 to l-2(), and the changes of specific 
gravity (observed by means of a hydrometer) are noted from time 
to time, as they serve to indicate the state of the cell. In these 
stationary cells, the positive plates are often of the Plante type, 
the negative plates of the Faure type. 

In accumulators intended for transpdrt purposes, the, plates arp 
almost always of the Faure type. They are smaller, and placed 
close together, lieing prevented from touching by mean.; of separa¬ 
tors made of wood or hardAnbber ; in this way, the size of the cell, 
and the weight of the liquid is reduced. The whole is contained 
in a jar of celluloid or'kwd rubber. Varioustdevices have been 
adopted to render these tifensport accumulators more durable 
under Jiard service and also lighter; some forms ate very little 
hSavier tHhn the nickeP accumulator. The so-called “ iron-clad ’f 
battery has tje active material cont»in«d in a number of‘thin 
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vertical cylinders or pp&cils ” of hard rubber/perforate(/to admit 
the olectrolyt^t a^KSw of poncils«^s supported in rfftaAo'of leacf- 
antimonyoalloy. A core of lead-antimony alloy passes down the 
centre of each pencil and serves ^ to make electrical connection 
between the active material and the terminal.* , 

j * 

^ ‘ ( •• 
Lead Pigments 

A v(Ty largo amount of imitallio lead is employed in the manu¬ 
facture of load i.igments, of which white lead (ba.sW caefboilRte), 
sublimed white lead (l.asic sulphate), red lead, and chrome 
yellow (load cliroraato) are the mo.st important; the last-named 
l)igmcnt has already been mentioned in the section devoted to 
(diromium. 

White lead is generally described as a' 1ia.sic carbonate of load, 
and has a com])osition appro.\iniatoly ropr(!sonted by the formula 
2 PbC()3.Pb{01I)2. It very possibly cotitains a dtilinite chemical* 
compound,^ although some authorities •’ regard it as the product 
of the adsorption of lead hydroxide upoia lead carbonate. It is 
jicrfectly easy to obtain a prccipiiato oi the composition in question 
very simply by the intera(!tiou of a solulion contidning sodium 
hydroxide and sodium carbonate with «. solution of liuid acetate ; 
but experience has proved that the product obtained by rapid 
precipitation is practically valueless a.s a pigment. AJmost all the 
white lead actually manufactured is obtained by the “ cojfosion ” 
of metallic lead by carbon dioxide, usually in the pre.sonce of acetic 
acid. 

Until recently nearly the whole of the white lead of commerce 
was produced by the old empirical Dutch process, and that process 
is still used extensively in this country. It is carried out in tall 
chambers, or “ corrosion sheds,” built of brickwork. Largo num¬ 
bers of earthenware pots are used in the method, each pot con¬ 
taining a small quantity of acetic acid. The floor of the corrosion- 
sbe3 is first covered with tan bark upon which is placed a layer of 
these pots containing acid*; the layer of pots is covered vrith a 
laycl of lead “ buckles,” or strips of thin lead studded with holes. 
Above the.4oad buckles are placed boards which are thenjsolvos 
covered wqth a secopd layer of tan bark. • Upon that comes another 
layer of pots containing acid, then anotherJayer of lead buckles, 
then bdards covered with tsn Park, and so on. In this way, the 
• ♦ 

‘ For furthei~dotail3 of typos of load accumulator, and practical instruc¬ 
tions on use and bsndliug, see f/.5. Bur. /Stand. Qirc. 92 (1920). * * • 

■ R, S. Owens, Trans. Amcr. Eteclrocketn. Soc. 25,(1914), 477. « 

’ E* Euaton, J. Jnd. E>.gf Chtm. 6 (1914), 382. , 
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ghed is filled up wltl* alternate layers of pots, afid lead. When 
the “ stSeK ”*’» con.pleto, .the jJ#ors are clostd. , 'Krib Hack is now 
left' for 76 to 100 days. During this tiiuo the ferinenl^ion of the 
tan bark proceeds apace, and carbon dioxide is evolved; much 
heat is generated by the fermentation ijrocess, and the temperature 
of the lead rtses^to about 00 -75“ C. At that temperature, the lead 
il slowly attacked by the vajmnr of thc'acetic acid in the presence 
of air, and the basic acetate formed is converted by the carbon 
dioxide into basic carbonate. Thus when, after about three or 
fouPrao-ithif, the stacks are taken down, the lead buckles, although 
retaining theur original form, consist no longer of “ blue ” (metallic) 
h^ad, but of white basic carbonate, 

The corroded buckles are removed to the grinding rooms where 
they are broken up by rollers. Any remaining “ blue ” lead is 
removed 1[)y the jiassage of the nnxture tluough a sieve, and the 
ju’oduet is tlum freed fi'oin any soluble, acetate by washing with water. 
The whit(i lead is then ground between buhrstoncs, mixed with 
watei-, and sulijected to a process of gravity separation in order 
to separate the unduly ooar-so “ .sandy lead ” from the line ])ig- 
ment, and, at, t he sarnie time, to remove any tan bark which may 
bo mixed with the pigment. A susjiension of the white load in 
water is run through a seiles of vats, the motion of the water being 
stiffteiont to ket^p the fine matter in suspension, but to allow the 
coarse material to se.ttle. The liner portions stdtle in a further 
scries‘of vats ; they are thoroughly washed to remove soluble 
lead acetate, and are finally drained as free as possible from excess 
water. 

The white lead is often craslTed again whilst moist, dried and 
packed for transport. Alternatively it can be mixed with oil 
whilst still wet. When the oil is stirred into the pasty mixture 
of white lead and water, the pigment particles gradually leave the 
watery pha.se and pass into the oil; finally the water, free from 
suspended lead, appears as a limind fluid upon the sticky mixture 
of oil and pigment. The passage of the white lead from the water 
into' the oil is determined by the relative value of tlje, intc’daqial 
tension existing between the three materials.* The mixture of 
whi^ lead and oil requires to bo mixed with a th, mer such as 
turpentine before use aJ a paint. . 

The details of the Dutch process vary in different pieces. In 
some works, instead of a largo number of layers of smfCll i)ots, a 
comparatively small number,.of layers of rather large pots are 
employed, and rolls of lead are actually placed \tithin the pots. 
*In f^e‘original fornf of the process as used fti Holland, ho;«e- 
• • W. Keindore, Chen. Wamoi 10 (1913), 708. * 
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manure was used to g(yierate the carton diofido and' heat; thij 

is found, hSwi'cr^ td give off hySfogcij sulphide, Sjfd ftius some¬ 
times lead* to a dark product containing lead sulphide. In England 
it was long ago replaced by tan burk. 

But the fermentation of tan bark would scarcely siym? to be the 
most rational way of producing heat and carb^ dioaHlo. Thfe 
temperature and the stlpply of carbon ^ioxido will both vary with 
the character of the tanning material, in a manner which it is 
(lillicult for the manufacturer to control. The temperature is 
particularly variable, and depends to some extent uporP thd”rc- 
temtion of heat by the walls of the chamber ; thus the best quality 
of white lead is only obtained when the corrosion-sheds have been 
in use for some little time and when the brickwork has consequentlv 
become heated. A more modern method lyown as the Chamber 
process is used largely both in this country and on the (Continent; 
in this process the carbon dioxide is obtained chemically, e.g. Iiy 
the “ burning ” of limestone or of coke, and the heat is generated ' 
by fuel in the usual way, Lcvid sheets are hung over horizontal 
poles placed in large chambers into qhicdi* the vapour of acetic 
acid and carbon dioxide are inti'lxluced. ^ince the temperatiu'e 
and the supply of carbon dioxide are easily regulated by the tnen 
in charge of the proce.ss, the product iS (strtainly more uniform 
than that of the Dutch j)roce.s,s. The white lead obtained by the 
(lharaber process is stated by unprejudiced authoritiee—who are 
interested in both processes- to bo of (^qual or greater prllctical 
value than that of the D\itch method; but many buyers insist 
on having the product of th(' older jirocess. 

The Chamber pyoccss just described is considerably quicker 
than the Dutch process ; the conversion of the lead Rheets,into 
basic carbonate occupies only about eight weeks. It could no 
doubt bo accelerated, further by increasing the supply of acetic 


acid, but the quality of the product woidd be likely to suffer. 

A l|ctter way of increasing the speed of corrosion without altering 
the'quality of the product is to incroivse the surface area of metal 
exposed to tlje gases. Thus in the various rapid methods of wlBte- 
leafhproduction- -largely developed in America—finely-divided lead 
is used as the'raw material. In the Carter process, molten Jead 
is treated with an ai»-blaat so as to prodtice a powder consisting 
of load globules ; this powder is then treated in a revolving cylinder 
with acetic acid, cartoq dioxide“and aiit and converted quickly 
into* basic carbonate. A good quality ,flf white lead is obtained. 

In the so-called “ mild process,” * which is also Americty in 
origin, finoly-dividbd {" atomized ”) lead is treated with to^and 
* • C. D. HoUeyl .^•Son CAero. 28 (1909), 404 
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, . ^ - -iinsformed to a hydr(?kido, which is afterwards 

oonvertetl'^to'tdiite 'ead by th(^ action of Oat bon dt^xifte ; in this 
process no acetic acid is eraptoyed. '• 

t)ne of the objections to processes in whicli a lead oxide (or 
hydroxide) is treated with carbon dioxido is thae the white load 
jirotlucod is liable to be discoloured owing to the presence of the 
h^her oxides, which are practically unififoCted by carbon dioxido. 
* In the Bischof process,* which was developed in this country, 
the trouble is avoided in the following way. Litharge (PbO) is 
use^as I ',w ihatcrial. It is finely ground, and reduced at 220-2(50“ C. 
in water-gas to the suboxido (I’b^O). This is then “ slaked ” by 
water in the presence of air, giving a plumbous hydroxide quite free 
from higher oxides ; the hydroxide when mixed with dibito acetic 
acid, and carbonated with carbon dioxide gas, gives white load. 

Many attempts have Seen made to obtain white lead from lead 
sheet by electrolytic processes.’^ If a sheet of lead is made the 
' anode in a bath containing both sodium carbonate and sodium 
chlorate and a current is forced through the coll, n good deal of 
basic lead carbonate i., forjicd. But if the sodium carbonate bo 
in great exces-s, a protective fil.n of lead carbonate is likely to 
appear on the anode, and this will interfere with further corrosion. 
On the other hand, if the chlorate is present in excess, the load 
will dissolve freely as soluble chlorate, and this will yield white 
lead by interaction with the sodium carbonate (and hydroxide) in 
the bdtly of the solution ; but, as already stated, white lead ob¬ 
tained by precipitation in this way is almost always unsuitable 
for u,se as a pigment. Possibly a satisfactory material might be 
produced by regulating the qinSitily of chlorate and carbonate, 
so that most of the white lead is obtained by tlie direct coiTosion 
of the anode, but just sufficient chlorate is formed to |)n>vent the 
crust of carbonate being of the closely-adhorent, protective charac¬ 
ter ; this is a question upon which opinion is divided. 

Owing to the highly jloisonous cbarjvcter of lead compound^ the 
grinding and packing of the powdery white lead is a dang(!r6u8 
industry to those employed. The afternativo methoj^ in which 
the pigment is mixed with oil whilst still moist, invoUfes fffr Jess 
dangpr. Elaborate filtration systems for freeing the >tir from any 
suspended matter have Ifcen installed at soma English Jead-works ; 
whore such systems ^p!i8t, assuming that the varhurs precautionary 
measures are rtgidly cniorced, tHe 'danger af lead poisflning, or 
• 

* W. Katnsay, 6iA Int. Cong. App^Chem. (1907), Sect. If, p. 372; A. Sal- 
«noDy* Chem. Zeit. 31 (l^OT), 955, ^1. • 

*0»Luckow, Zeitsdi. ysiektroch^ 9 (1903), 797; C. F. Burgose^and C, 
Hambiiecheii,^raii«. Amcr. Electrochem. S(g;. 3»('903), 299. 
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“ plumbism,” can bo r^dered very small. Id some oountri 
use of whift) Tjad iiaS boon rcstritt^od Ijy legishtioiti‘'an& an 
national oonvontion on the subject was adopted at Genova in 1921.* 

In mentioning the real danger qf plumbism to those employed 
in white-lead fastoriw, allusion may bo made to certqjn.false ideas 
which are prevalent as to the possibility of plumbism being cailsed 
by living in a froshly-jlaiiited room in which a lead-paint coat is 
drying. It is believed by many that a loud ])aint whilst “ wet ” 
.emits a volatile load compound which is capable of poisoning those 
who inhale it. This is, however, not the case.- No volatile com¬ 
pound containing load is given off by a drying paint-film. It is 
true that all paints in w'hich turpentine is used give out turjjontino 
vapour, which does produce toxic offwts on some persons. In 
addition they evolve certain aldehydie ()xidation-])roduct8 of the 
oil, and those vapours also may conceivably have a temporary 
disturbing eff(!ct ujjon some ultra-sensitive constitutions. This 
objection applies also to paints free from lead, but inasmuch as 
lead paints generally dry more quickly than others, they will cause 
a rather more rapid evolution of the gubstunces in. question. 

Apart from the poisonous character of lead jiigments, the main 
objection to their use is the liability to discoloration in the presence 
of hydrogen suliihidc^ black lead sulphide-being produced. Leadlcss 
pigments do not suffer discoloration through oxpo.siuo to this gas, 
but lithoj)one darkens when exposed to the light, whilst even zinc 
oxide paints occasionally suffer discoloration owing to a tihango 
occurring in the litiseed oil.^ It is peu-haps right to add that prob¬ 
ably many cases of di.scolorati(jn which have heen attributed to 
chemical and physical causes - such as those mentioned above— 
are really duo to the paint-film becoming “ duty.” 

Basic Lead Sulphate (“ sublimed white lead ”). It has 
boon mentioned that during the product irm of lead by moans of 
the oxidizing action of an air-blast iqion galena in the “ hearth- 
smelting process,” much lead is carried away by the blast, and is 
deposited in the dust-chamber. As to how much of this lost lead 
ii^ carried'-ever mcchartically as solid particles, and much how 
“sublimes'’ as a vapour, is a question that still remains un¬ 
decided. When, however, the walls of the fimiace become- hot, 
much sublimation must clearly take place. The produet found 
in the dust-chaifiber contains aopiirently a basic sulphate mixed 
with normal sulphaff). It has already "Deen mentioned that the 
sublimate from many ores is a valuaWe pigment, and it is some- 

■ J. Soc. Chem. /-id. 40 (1921), 453 b, 

* H. K Armstrong and C. A. Klein, J. Soc. Chem. /nd. 32 (1913), '320. 

> D. K. Twiss, J. Soa Chltn. Ini. 37 (1913), 179t. 
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times intentionally<> prepared for tha^ purpose—especially in 
America! ' i , *■ .*.’* 

Galeifa is volatilized from a hot furnace, in a strong blast of air, 
and the gases proLuced are cooled and drawn off through a bag- 
house by means of a fan. The product yollccted consists of “ sub¬ 
limed white leadi” It is an apparently amorphous powder, and 
appears to bo ii. a fine state of division, finer than the basic 
' carbonate. It has good covering power and dimability, and is 
stated to be less quickly blackened by hydrogen sulphidp than, 
ordfciary wltito load. Sublimed white lead may contain a definite 
basic sulphate; the existence of such compounds as I’bO.PbSOj 
and 2 Pb 0 .PbS 04 ; is shown by maxima on the melting-point 
curve of lead oxide-lead sulphate mixtures.' 

As .already stated in the S('eliou on the metallurgy of zinc, many 
of the coftiplex zinc-lead ores of the United States are sublimed 
to give a white pigment containing both metals. It is called 
■ “ leaded zinc; ” when zifie. oxide is the main constituent, and 
“ zincy load ” when the basic lead sulphate is in excess. 

Red lead {Pba 04 ) k another lead compound much valued as a 
paint; it al.jo serves, when mUed with a small proportion of 
linseed oil, as a plugging or luting material for filling up crevices, 
or for making secure the jwints of metal pi])es and similar purposes. 
The mixtiue of the red lead and linseed oil dries rapidly owing to 
the high ox,ygen-content of the former, and sets to a firm plaster. 
As a jmint, the value of red lead depends partly upon the brilliance 
of its colour; the cokmr is much aflectcd by small amounts of 
impurities, and by the exact conditions under which the pigment 
is produced. It is considered ode of the best paints for the jrro- 
tection of iron from corrosion ; no doubt the oxidizing character 
is favourable to passivity. It is also used in glass-making. 

Litharge (PbO) is used as a drier in varnishes containing linseed 
or other drying oils, to bring about tlu^ absorption of atmospheric 
oxygen and the production of such solid bodies as “ linoxyn.” It 
is also used in the manufaeturo of accumulatoi' plates. * 

The manufacture of litharge and rdd load is closely^ fonnocted. 
If lead be fused on the hearth of a roverljcratory furnace in a'gpod 
current of air it becomes oxidized. The lower oxide (ITiO) is always 
formed first; if the temjh'raturo bo high enough to fusp this oxide 
when formed, the coyipact variety knoam as litharge is obtained. 
If the temperature be oniy just hfglt enou^hsto melt the lead, the 
unfused yellow form, massicoij:, is produced as a dross which nan 
be skimmed off. If this dross bp now slowly roasted in an oven at 

• * • « * • , 

* Ccupare R. Scheuck and A. Albers, Zeitxh.^ Anorg. Chan. 105 ,(1918). 
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a low temperature for 48 hours, it takes up' some mole oxygen 
and pivsses'in^ rtjddead. The r,<;^tipg musit bo bbndiAed with 
groat cars, the powder being frequently raked up to ensure uniform 
oxidation ; it needs considerable experience to ootain with certainty 
red lead of the ^finest colow. It is much more difiicqlt,to convert 
the compact molten litharge into red lead by roasting; the featUeiy 
massicot should bo ustd.' ‘ " 

By the calcining of white lead, a pigment is produced having a 
^composition similar to that of red lead, but possessing an orange 
colour. This is known as “ orange oxide.” The diifrrcnee in 
its colour from that of red lead is no doubt due to the different 
state of aggregation. For the prmluction of orange oxide, the leas 
useful parts of the white lead, separated by the levigation of the 
crude material, are gemwally employed. 

Theory of Pigments (see also Vol. I, pages 94-95). A paint 
him is essentially a suspension of nigment ” particles in a 
“ vehicle,” generally consisting of dried linseed oil. The him" 
serves two separate, purposes ; firstly, it serves to ])rotect the wood 
or metal below the him from alteration due to exposure to the 
atmosphere— a matter which liaf) already been referred to in con¬ 
nection with the con'osion of metals ; and, secondly, it should 
“ conceal ” th(! texture of the material'below from view. 

The comparative pow(T of different pigments to ” conceal ” or 
“ cover ” the basal material can be mcasm'cd by means of an 
instrument callid the “ <Typtometer.” * The principle of the in¬ 
strument is very simple, although for the details the original paper 
should be consulted. A black enamel background is concealed 
behind a “ wedge-shaped ” layer of the paint to bo tested. At 
the end whore the layer is thin, the background is visible inhere 
it is thick, it cannot be soon. The thickness of the naint-hlm at 
the point where the Ijackground becomes visible is an indication 
of the hiding |>ower of the paint. ^ 

'hfjo fact that a layer of white paint can “ hide ” the basal 
material on which it is painted deirends on th(^ reflection of the 
light where, it passes from vehicle to pigment, and from pigment 
to. vehielo'.' For perfect “ hiding ” practically the whole of the 
light must'be reflected before it reaches the materia! below the 
paint-him.- The amount of light reflectetl at each interface depends 
primarily on the amount by which the refractive index of the 
pigment exceeds that, of the vehicle. 'Thus-other things bemg 
equal—the pigments with the lesV covering power are those 
substances which have highest refractive indices.* This ntay b^ 

‘ A. H.’ Pfund, J. FmMm Inst. ISs'flSqfl), 67.'!. 

” 11. A. (Jnrijt4;r\ Eng.oChem. 8 (11)10), 7,04. 
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seen frora^compariaclia- of the values of tHI reitaotive index given 


bRlow:—• » * . 

1. i* * 

Silica (quartz). 

. 1-.55* 

* Barium sulphate . * . _ . 

. 1-6 

Zinc ojide . 

. . 1-9 -f 

• Whit^Jead (basic carbonate) 

. 20 

Sublimed white load (basic suljiliatd) '. 

. 20’‘ 

Zinc sulphide. 

. 2-2 to 2-37 


A paint film consisting of silica in linseed oil will be practically t 
trani^anjfit since the refractive index of silica is almost equal to 
that of the medium. On the other hand, a film of white lead in 
linseed oil will be opaque, and will have good covering power, 
eying to the high refractive index of th(! lead compound. 

But clearly the .size of ,t[fo pigment particles is also of imj)ortancc. 
With small particles, the number of pigment-vehicle interfaces 
which the light mast ero.ss in penetrating a film of a given thick- 
liess yill clearly be greater than with coarse particles. Thus, the 
covering power of a given pigment will be greater, the smaller the 
size of the pigqient-grrfms ;« this relation should hold good until 
the size of Uk; pigment, particles'oecomes so small ivs to be com¬ 
parable to the wave-length of light. ^ 

The relation between pafticle-size and covering power probably 
aiTords a re.ason for the inferiority of coarsely-ground natural 
barytes to finely-ground barytew, and tlu! inferiority of finely- 
ground ^)arytcs to precipitated barium sulphate. But it can oidy 
afford a partial explanatioir of the fact that rapidly i)recipitatcd 
white lead is inferior as pigment ^to that made by a slow process.^ 
It is true that (according to the very meagre inf irmation at our 
dispoHii,!) the pigments made by pnxicsses sindlar to the Dutch 
process apjieyir to consist of particles which are, on the average, 
smaller (00014 mm.) than mateiials made by the more rajiid 
methods (over 0022 mm. diameter).'' Nevertheless the size of the 
particles obtained by precipitation may—under certain eombthins 
—be much smaller than that of the best “ Dutch process ” whiCe 
lead, 'and yet the precipitated material hiiA little prae*,iieal value 
as a pigment. A microseopic study of the process of f-ecipitatien 
of white lead by the mixing of a carbonate solution with a solution 
of a soluble lead salt shws that the white lead produced first 

• W. Ostwald, KnU. Zeitach. 16 (19lS),rd, »ayn that a " maximum rl cover- 

ing power” is reached when flio groin-size is in neighixiurhood of the 
wavedongth oi light, and that further diminution of tho grain-size woiCd 
cause a diminution of covering ^ower. • 

U. JJvans, Trane. Faviday So^. 18 (1922), 75. (Jempare H. Green, 
Met. Ci^nuEng. 28 (1923), 53. 

* R. S.' Owens, Trane. Amer, Ekctrochem^ (19H)* 486. 

M.C.—VOL.*^V, r ' , ''V 
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appears as minute'cryftals or star-like gro\Ahs, but filially these 
seem to Gol^ct jnto Aodules o£> Risible size iwhicbf're^iftble small 
white Seeds A Probably these “seeds” are not the ultftnate 
grains, but are merely secondary aggregate# of the first foflned 
crystals ; such, a view may help to explain why precipitated white' 
lead has a lower density than the product of the corrosipA processes, 
and why the former takes up more oil in mal.ing a paint of •the 
required consistency—which is welT known to be the case. A* 
further study of the internal structure of the “ seeds ” may perhaps 
provide an explanation of the fact that the painter Unds th.»t the 
precipitated white lead does not “ work so well under the brush ” 
as the other forms of white lead. 

In considering tho grain-size of coloured pigments, such as 
lead chromate (chrome yellow), additional considerations arlte. 
If an intense coloration is aimed at, it is essential to have tho size 
of tho individual particles sufficiently large; for, in order that 
selective absorption of tho light may take place to any considerable 
extent, it must bo allowed to penetrate through an appreciable 
thickness before being reflected. T^ead chromate obtained from a 
hot solutio)! has a deeper coleur than that precipitated from a 
cold solution. Tho difference is hero proT[)ably duo mainly to the 
larger size of tho particles which crjwtallize from tho hot bath.* 
On tho other hand, tho red colour produced by the action of sodium 
hydroxide on lead chromate is probably due to thq formation of 
a basic chromate. 

Coloured pigments are commonly diluted with a cheap colourless 
material, such as barytes, silex, or asbestine. In tho interests of 
economy, it is advisable to usfl tho largest possible proportion of 
inert material Ihat is ])ossiblc without diminishing the cokmr 
unduly, and to reduce the proportions of the more costly coloured 
pigment. It is found best for this purjmse to add the inert material 
in a comparatively coarse state of division,* as would indeed be 
expected from tho theoretical view of pigments suggested above. 
Consequently, natiu-al barytes, although possessing little covering 
power a white pigment, is extremely efficient as a diluent in 
qploored paints, more efficient, in fact, than white lead, zinc oxide, 
or procipitkted barium sulphate ; these latter substance8_ would 
cause th{ reflection of tho light before it had passed through a 
sufficient thickness of the coloured pigment to cause appreciable 
selective absorption. ‘ ' 

o 

> J. Scott, Chem. Trade J. 65 (1919), 327. 

* See E. E. Fr^e, J. Pkys. Chem. 13 (1900), ^130. Other faotoi9 beai^M 
*gmin-8ize may influence the colour. * 

» 'i\ R. Brigg8,V. Phy \ Ohem. 22 (I9t8), 216. 
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Nitrogen 

PhosphoruH 

Arsenic 

Anfimeny 

Bismuth 


Atomic Weight. 
. 14 008 

. 31-04 

. 74-00 

. 120-2 
. 208 0 


In tlio elements o£ Grom) Vn, iKin-metallic jiroperties are de¬ 
veloped more strongly than in Group IVb, but they diminish as 
the atomic weight rises. Thas nitrogen and phosphorus are classi¬ 
fied by all ehoTi.ists as non-metii's ; arsenic and antimony are 
included by some anthofities within the same term ; but bismuth 
has most of the pro))erties of a metal. All the elements are capable 
of exerting a negative valency of 3, forming the gaseous hydrides 
NHj, PHj, AsHj, SbHj, BiHa. But whereas the hydride of 
nitrogen* (ammonia) is a stable substance, the hydrides become 
increasingly unstable as we pass through phosphorus and arsenic 
to antimony, whilst bismuth hydride is so unstable that its very 
existence has only recently been t*tablishod. 

Nitrides, phosphides and arsenides of many charaoteristic metals 
are known, in which the olcnients of Group Vn clearly function 
as a non-metai and exert a uniform negative valency of 3. Examples 
are;— 

Ag,N. 

Na,P, 

NajAs, and . 

CujAsj. 

Similan compounds such as 

Zn,A8„ 

CujSb, and 
• MgsBi. 

O • 

are knqwn as components of allo;ra. These bodies are clearly to 
be* regfjjdid as arseniabs, antimonidcs, and bisnSuthidcs. They^ 
must distinguished from the ordinany ia( ir-metallic compounds 

2tl 
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formed by combinJitioi! of true metals, since in the^latter the 
formulae Ifav^ no,>a]Bpa^ent connrcjtion with the lat/s oS talency. 

A gradual transition from non-metallic to metallic propertfes is 
also seen in the physical characters of the I'lcraonts themsefves. 
Nitrogen is at ordinary temperatures a colourless gas. , Phosphorus 
exists in more than one allotropic form ; of these the*' ‘ yelfow ” 
form is translucent aJid'lacks entirely the projtertics of a mfctal, 
but the so-called “ red ” phosphorus—when obtained in a crystal-* 
lino condition—has something of a metallic lustre. Arsenic also 
exists in more than one form, the more stable variety*J)oing dis¬ 
tinctly mcdallic in appearance, although a yellow non-metallic 
variety also exists. Antimony and bismuth are both lustrous, 
opaque substances of metallic aspect, although considerably more 
brittle than the majority of metals. 

A similar transition is observed when the oxides add their de¬ 
rivatives are studied. In the two main classes of compounds, the 
elements exert a valency of 3 and rhspectivcly. In the lighter 
elements, nitrogen and phosphorus, the compounds in which the 
full valency characteristic of the group (5^ is exerted are the most 
stable ; but as we pass through arsenic to antimony, the lower 
scries becomes more stable, whilst in bismuth nearly all the well- 
known compounds correspond to th* lower state of oxidation. 
Again, in the lighter elements, nitrogen and phos])horus, both oxides 
have a distinctly acidic character, and well-delinod salts, such as the 
nitrates, nitrites, j)hos])hate8, etc., (fxist. But as we passthrough 
arsenic to antimony, weak basic properties begin to appear in the 
lower oxide, whilst bismuth pfi.ssesscs a well-defined scries of normal 
salts, such as Bi(NO,,) 3 ..'>Hj(),‘in which the metal is trivalent; 
but even in bismuth, the salts readily become hydrolysed, if dis¬ 
solved in water in the absence of fixse acid, insoluble basic salts 
bising obtained. 

Since this book is confined to the study of metals, nitrogen and 
pljpsphorus will not be discus.sed. Arstfnic will be regarded as a 
fhetallic element, and will consequently be considered first. 
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ARSENIC 

Atomic weight . ... 74 !)6 

The Element 

% • 

Arsenic is an element which exists in mnri! than one form, 
res«!mbling, in this respect, phosphorus, which stands above it in 
the piwiodic table. In its stable form, it is a stool-grey brittle 
swlistanco of metallic appearance, and has a den.sity !i1. Crystals 
of this rmUMic form belo.ig to the rhomimhcdrtil system, and ap|M(ar 
to be isomorphous with antimony and bismuth, and possibly also 
with red phosphorus, altlu ugh tliis point has boon disputed. * If 
ordin..ry arsenic is sublinnsl, there, is obtained, in addition to 
rhombohedral arsenic, a black or grey “ vilrwns ” form, apparently 
amorphoas, ancf much leas Oense, tln^ s]ieeifu^ gravity being about 
4 6. If heated at about C., the amorphous form crystallizes, 
yielding the ordinary metallic variety.“ Tlie “ vitreous ” variety is 
sometimes described as an allotrope ; but, if it be truly vitreous, it is 
best not to employ the word “ allotropy.” 

Another (fi.stinct variety of ara(>nic is, how(!ver, known ; this 
is yellow arsenic. It is often formed when a tube containing ar.sonio 
vapour is cooled suddeidy bidow O'’ C., and can also be produced in 
other ways. Several experimenter* have, however, failed to obtain 
it under the conditions laid down by the earlier workers, and have 
even questioned its existence. Such cases of apparent discrepancy 
are often met vith in the pre])aration of metastable products (e.g. the 
metastable hydrates of salts), and seem to show that the production 
of metastable bodies depends upon some factor not fully appreciateii. 
The existence of yellow arsemic is perfectly well established,’ and 
it can actually be obtained in crystals, by crystallization from a 
solution in carbon disulphide at the low temperature of — 70° C. ; 
it crystallizes in the cubic system. Even at — 60° C. ye'low arsenic 
begins* to turn brown oijing to transformation to the. stable 

* W. Hittorf, Ann. Fhya. 126 (186.5), 193, says that it is [irobably isomor¬ 
phous with rod phosphorus. B*t G. LincK, tlrr. 32 (1^09), 888, donios that 
ordinary crystaliino arsenic is ia*morphous with r4d phosphorus, although, 
suggesting that " mirror-arsenic’’•may be. 

• For-further details of thif hrovorsihle change, soo P. N. Laschtechonko, 

Tfana. CMfn. Soc. 121 (1922)’, 972. • 

» G. I®ick, Ber. 32 (1399), 892; H. Erdmann an 1 51. von Unmh, ZeifscA. 
Anvry. Ohem. 31 (1902), 437. • 
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modifica^n: the change takes place at stili lower telnperatui^ 

(— 180° d:) itthe<y(fllow arsenic ifirjxpQsed to light.*'' Ye^il^ arsenic 
is probalSy isomorphous with yellow phosphorus, and also resembles 
yellow phosphorus in being soluble in carbon diAdphide—a property 
which illustrates the non-metallic character of thisi variety of 
arsenic ; ^rue metals do not dissolve, without transformation. In 
such solvents. " * 

It is interesting to notice that the yellow unstable form of arsenic * 
appears under certain conditions to be formed momentarily, even 
at ordinary temperatures. For instance, when a!’ s^utidh of 
araonious chloride containing free hydrochloric acid is reduced with 
stannous chloride, a brown precipitate of ordinary arsenic is 
produced. There is, however, distinct evidence that the precipitate, 
which is yellowish at the moment of forjijation, consists at first of 
the yellow form, but that it passes almost immcdiatolly into the 
stable brown variety. i 

Ordinary metallic arsenic conducts electricity fairly well ^nd ih 
this respect resembles the typical metals. When heated it 
volatilizes at about 4.50° 0. under atmosjiheric pressure, passing 
into a vapour without the ifttermediate passage through the 
fluid; under increased prissure, however, it may bo melted to a 
liquid. The melting-point of arsenic id 830" C., but the liquid once 
melted can bo cooled 40° to .50° below this temperature without 
solidifying.'® The density of arsenic vapour vark's with the 
temperature. At 900° C., it seems to indicate the presence of AS 4 
molecules; at 1,700° C., those would appear to bo practically entirely 
split up into simpler As, molecules. The vapour has a yellowish 
colour, and an odour similar to that of garlic ; it is very poisonous. 

Ai'senic is undissolvod by dilute acids ; it is, however, readily 
dissolved by the oxidizing substances, nitric acid or, concentrated 
sulphuric acid. It .remains unchanged when exposed to the air at 
ordinary temiHiratures, but if heated it oxidizes readily, white 
olquds of arsenious oxide being produced". A great deal of heat is 
developed and a bright flame is generally produced. Arsenic has 
, considoml le affinity for chlorine and takes fire spontaneously’ when 
introduced^into the gas. 

Laboratory Preparation. The element is bo 8 t*obtained by 
heating the oxide d'ith carbon ; metallic arsenic volatilizes, and the 
• vapovv may Be condensed, in, a' cool tube! If wet method be 
preferred it is possidlc to reduce a so^ution of arsenious chloride by 
means of sta,nnous chloride, arsenic then being obtained as a brown 
precipitate. , ‘ ^ 

*R. Q. Purraal, Tram. Chem. Soc. 115<(1919), 134 

• W. Heike, Aig Ztitach. Met. 6 (1914), 198. t. 
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, 11 oiuy o ainiuj nuAiitity of pure raetalltc arsnuic be required to 
demonstrate ita chemical reacijr-ns, it is co-ivonieift to use the 
shiping mirror of arsenic obtained by passing through, a heated 
tube a current of iiydrogen containing arsenic hydride (prepared 
by the act'on of sulphuric acid containing an arsenic salt upon 

Z<nc). 

»• 

Compounds 

T4e chief S'oinpounds of arsenic correspond to tlio oxides Aa,0, 
ainf AsjOj, in which arsenic has a valency of 3 and 5 respectively. 
As would lx- expected in an element of such weak metallic pro|)crties 
as arsenic, the basic charactcT is very feeble, and is confined to tlio 
ffnver oxide. On tln^ other hand, both oxides dissolve in alkalis, 
forming s^lts known as the ar.senites and arsenates, which are 
analogous to the jdiosphite.s and phos]ihat(« ; the acidic properties 
are, of course, he.st dcvel.iped in the higher oxide. 

A. Compounds of Trivalent Arsenic (Arsenious Compounds). 

Arsenious oxide {white.am‘,nic\, As/),, is formed when elemental 
arsenic or the sulphide’is heated in air. It. is a white solid, which 
volatilizes easily when heted. The densit)' of the vapour corre¬ 
sponds at very high temperatures (1,800^0.) to the .simple formula 
As.j 03 , but^t lower ranges the complexity of the gaseous molecule 
increases, and the vapour density seems to show the existence of 
AsjOj. Arsimious oxide is known in more than one form ; when 
it is sublimed in a tula of which the temperature exceeds 400° C. 
in the lower portions, but i.s only 2§0° C. at tlu^ top, a cubic crystalline 
form is deposited in the highest and coole.st portions, a rhombic 
form in the middle, whilst at the bottom an amor))hou8, vitreous 
variety of white arsenic is obtained. This vitreous variety is 
transparent, but if exposed to air for any length of time it Ixcomes 
opaque, oxving to crystallization. One important .Istinetion 
between the amorphous and the crystalline varieties is tha., dihe 
former, if heated at atmospheric pressure, pas,se8 into tlm fused state, 
whilst the latter volatilizes without fusion. The. vapour o' tained 
from botlj forms is, of course, the same, ' 

Arsenious oxide is slightly soluble in water, yielding an acid 
solution; it is more readily soluble in hydrochloric acid, and also 
in caustic alkali. A solution of .irseniouj oxide has reducing 
properties, and reacts with iodine or cldomic acid, the arsenic 
passing into the pentavaleftt condition. • 

* All^^nious Salts. I'he basic properties of atsenious oxide ore, 
as has bees remarked, exceedingly ieeblv, and no salts cdp exist 
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in water in the abeeAce ol free acid, since they'would at,<fiice suffen 
hydrolysis.* "pie fact t^iat arsenmija oxjde is s* mut^i nibre soluble 
in hydro»hlorio acid than in water points to the existence,, of 
arsenious chloride (AsClj) in the solution; iXit any attempt to 
obtain the chlor'do by evaporation merely Icadr to thf crt^ulsion of 
hydrochloric acid vapour, arsenious oxide Ixiing loft behind. The 
chloride may, however,'bif obtained by heating arffenious oxide wilh 
sulphuric acid and sodium chloride. The last two reagents produce 
hydrogen chloride which reacts with the arsenious oxide to form 
arsenious chloride; the chloride distils away, the w'attr forlned 
simultaneously being retained by the concentrated sulphuric acid, 
which thus serves to prevent hydrolysis. The same chloride is 
formed, together with the pentachlorido (AsClj) by the direef 
action of dry chlorine on metallic arsenic. Jt is a colourless volatile 
oily liquid, boiling at 130'C. When added to water, it suffers 
hydrolysis; if only a small quantity of water is present, a basic 
chloride is formed, but excess of water causes complete dissocif tion 
into arsenious oxide and hydrochloric acid. The dense white fumes 
emitted when arsenious chloride is (‘.y)o,seli to daijip air consist, 
apparently, of a basic chloride. ‘ ^ 

Arsenious oxide is insoluble in dilute sulphuric acid, but, when it 
is acted upon by concentrated sulphuric acid containing exoo.ss oi 
sulphur trioxide, crystalline compounds of the general formula 
AsjOa.nSOj arc formed. These may be looked upon as ac4d sulphates 
of arsenic ; but they are very unstable, being at once deconiposed 
to arsenious oxide and sulphuric acid on the addition of water. 
Probably the only solubh! oxy-salt of arsenic which can bo isolated 
in a solid state bjr crystallization from an aqueous solution is the 
double sodium arsenious tartrate Na(A60) HiCjOj, obtained 
when arsenious oxide is acted on by boiling sodiupi hydrogen 
tartrate ; this is probably a complex salt contaiiung arsenic in the 
anion. It is analogous to the well-known antimony salt, “ tartar 
emetic,” K(Sb 6 )H 4 C, 08 ,»iHj 0 . 

of the insoluble compounds of trivalcnt arsenic, the sulphide 
deserves iji^ntion ; this is formed as a bright yellow precipitate 
whfiif.ydrogen sulphide is bubbled through a solution of arsenious 
oxide contaifiing hydrochloric acid. In the absence of acid, a 
colloidal sojution of arsenious sulphide is “produced, which deposits 
the precipitate when a suitable eleotrolyte is added. It is a typical 
negativd colloid, the particlbs 'owing fiieir charge to adsorbed 
oniona, probably (HS)', derived fram ,fhe hydrogen sulphide. Ir 
considering the flocculation of the pol by the addition of an el«otro- 
lyte, it is the nature of the cation which 'is Vif importance, .Salts 
of divlilent metals like^bariqm are more effective than salts ol 
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monovalerK •metalfi iike potassium, whilst the salts of trivalent 
metals sucfl as'alumlnium #re ware effective still, fl’he following 
tal^' shows the resjwctivo concentrations of the chlori(i»s of the 
three metals needeu' to cause flocculation of an arsenious sulphide 

4})-5 millimols j'er litre 
O'flfll „ 

0093 „ 

The sulphide can be obtained in an orange crystalline form by 
sublimation of the precipitated variety. Arsenious sulphide (like 
stannic sulphide) is soluble in ammonium sulpliide. a complex 
ammonium arsenious sulphide (usually known as ammonium thio- 
aTsenite) being formed. Similarly it dissolves in caustic soda or 
potash, fofming a mixture of arsenitc and thioarsenitc. 

Arsenites. Arsenious oxide is freely dissolved by boiling 
causfic alkalis and ammonia, and from the solution soluble arsenites 
may bo obtained by crystallisation. For instance, ammonium 
arsenite, NH.,;ks 02 , is'obt^iiud by dissolving arsenious oxide in 
concentrated ammonia. It is a colourless crystalline substance, 
\cry soluble in water. 'J'lie arsenites of the heavy metals are 
mostly insoluble, and majT be obtained by the precipitation of a 
solution containing a salt of the metal in question with ammonium 
or sodium arsenite. Copper arsenite is green, the ferric salt reddish- 
brown,*and the calcium salt white ; silver arsenite again is a yellow 
precipitate. In many cases there exist several distinct arsenites 
containing varying amounts of the component oxides. 

B. Compounds of Pentavalent Arsenic. 

Arsenic nentoxide, AsjOj. The compounds of jicntavalcnt 
arsenic are less well developed than those of phosphorus. Arsenic 
when burnt in air gives ri.se to the lowi'r oxide only, although the 
combustion of phosphorus leads to the formation of Iho pi ntoxidc. 
Arsenic pentoxide can be produced by the oxidizing action *of 
nitric acid on arsenious oxide; the solution obtaiiieif .yields oij 
evaporation ortho-arsenic acid {see bdow), and this is.conveecedjto 
the anhydrous oxide by cautious , heating. The per.ioxide is a 
white deliquescent solid. * It dissolves in water, giving a syrupy 
liquid, which deposits a hydrate* on cooling. This^hydrate has aq, 
empirical composition Aa 205 . 4 HjO,' but gra^Jially loses watlir upon 
gentle heating, passing to'jprtho-arsenic acid, AsjOj.SHjO tir 
^jAst),. On further gentle heating the remaining ■wfatcr is driven 
off; ife,ui stated to bd dnven off in definite steplk, so that pyr»- 

‘ Hi Freundlich, Zeitsch, Phya.tCh’t.m. 73 (1910), 386. 

* • , 


sol under_tho,same conditions: 

,, Potassium ch|oride 
, Barium chloride . •. 

Aluminium chloride 
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arsenic acid AB,(f,.2rf,0 or HjAsjO, is first profWfeod, the# 
meta -arshnijr acW As,0HjO oaHAsQj, and dnall/ thrfanhydrous 
oxide As,#0 j. These three acids correspond to the ortho-, pyro- jpd 
meta-phosphoric acids. , ^ 

Arsenates. ‘The soluble arsenates are formed arspnie 
pontoxide pr the syru^j solution (arsenic acid) is treated Miitii 
alkali. The insoluble arsenates are formed by precipitation ; the , 
silver salt, AgjAsOi, is red-brown, and the load salt, PbjAsO,, 
white. Most of the arsenates corrc.spond in composiijon witlj, the 
orthophosphates, and are isomorphous with them. But‘there are 
also pyro-arsonates and mcta-arsenatcs, which correspond to the 
two acids mentioned above. When a soluble arsenate is precipitated 
with a magnesium salt in an ammoniacal solution, a double 
magnesium ammonium ortho-arscnato is precipitated, vyhich gives 
magnesium pyro-arsenato uj)on ignition 

2Mg(NH,,)AsO, Mg,A.s A 4 2NH,-f H,0 
An exactly analogous change is observed in the case of the phos¬ 
phorous compounds. The similarity h{!lween phosphates and 
arsenates is further shown by < the /act that wl/en ammonium 
molybdate and nitric acid arc added to a' solution containing an 
arsenate, a yellow pmhpitato is obtainei. 

Arsenic Salts. Bash! properties are almost absent from 
arsenic pontoxide, which does not form .salts with any oxy-acid. 

A pentachloride of arsenic, AsCl,, probably exists in the product 
obtained on saturating li((uid arsonious chloride with chlorine, but 
it has not been obtained in the pure state. Arsenic pentasulphlde, 
AsjS,, is formed jis an insoluble yellow precipitate when hydrogen 
sulphide is passed into a solution of arsenic acid containing, liydro- 
chloric acid; like arsonious sulphide, it is soluble ip ammonium 
sulphide. The coippound formed is known as ammonium 
thloarsenate. - 

Cl Lower Compounds of Arsenic. 

Besides prsenious sulphide (AsjSj) and arsenic sulphide (A'sjSj), 
a (lo^er sulnhide exists. This body, which has a composition 
expressed by the simple formula AsS, is obtained by heating sulphur 
and arsenip in the right proportions, or b^ heating arsenious sulphide 
_(As^j) with arsenic. Orange crystals of AsS sublime. This 
sulphide is very stm'ijp, as is shown b}»the fact that it occurs in 
nature (realgar). • ,* 

A still lowftr sulphide, AsjS, Ipis been described,* but it«seei^ 
»■ little doubtfuf whether it is a definite chemical individ\#kl. 

* A. Scott,' mant. Ohm. 9>c.J77 (1900), 65l» 
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B. Mlsq^^n^us Compounds. 

Arsenic HJfdride. When an arsenic compound is^nddod to 
diidte sulphuric acid and a piece of zinc is immersed in the liquid, 
the hydrogen produced is found to contain a gaseous hydride of 
arsi;nic, Vmetimes known as arsine, AsH.,. Tiie .irsine confers 
upon the gas a pc 9 uirar smell resembling’tJi'vt of garlic.* When the 
gas is passed through a hhated tube, the arsine is decomposed, 
and a bright mirror of metallic arsenic is formed. When, on the 
othar' ha,id,*the gak is ignited, it burns with a pale bluish flame; 
the arsenic as well as the hydrogen becomes oxidized, water vapour 
and fumes of arsenious oxide being ])roduced. But if a cold 
porcelain surface be held in the flame, a local lowering of temperature 
Ts caused, and the complete oxidation of the arsenic does not occur ; 
a black deposit of tlu' I'lemcnt is, therefore, formed on the porcelain. 

When passed into a dilute solution of silver nitrate, arsine is 
oxidized to arsenious oxAte and black metalli(! silver is formed. 
But', if piUHScd into a stronger solution of the silver salt, a yellow' 
precipitate, said to luve the eomj)osition AgjAs.lJAgNO,, is pro¬ 
duced ; this i* . 1 . double arsenid's and nitrate of silver. 

Arsenic hydride is niuch more stable (ban the gaseous hydrides 
hitherto considered, as is to be exiiectral in view of the more 
pronounced non-metallie character of the ar.scnic. The hyrlride 
may, in fajjt, be prepared pure and undiluted with hydrogen, by 
the action of a dilute acid on zinc arsenide ; but the preparation 
is extremely dangerous—owing to the poisonous character of the 
gas—and has cost the life of at least one chemist. 

Arsenides. Arsenic, hydride ^ay ho regarded as a weak acid, 
corrpsnonding to the metallic arsenides, just as sulphuretted 
hydrogen corresponds to the sulphides. The arsenides cannot 
in every case be prepared by the action of arsine on the aqueous 
solutions of the metallic salts, since many of them would bo hydro¬ 
lysed by water. It haif, however, been stated above that a double 
nitrate-arsenide of silver is formed when arsine is passed into 
concentrated silver nitrate solution. The ersenldes of potassium 
(KjAs) and sodium (NajAs) are produced when arsine is passed 
ovetjthe ’f'spootive metals. Arsenide of zinc, ZnjAs,, is prepared 
by alloying together zihe and arsenic, considerable heat being 
evolved when they combine. A grey deposit of copper arsenide, 
CugAs,, is produced whtti a solution of an arsenious conipound is 
reduced with metallic copper ■ the same arsenide is formed when 
arsiije is passed into a copper .salt solution. • 

Titp ^enides of zinc, sodium and potassium are decomposed 
by dilute aftids with the production pf trsine ; this is, in fSet, the 
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best way to produce pure arsine. If sodium arhenido is liscomposed 

with watera(jsconalkydrido, AsH^cssai^;!to be»prodflce(f, feeingJeft 
behind a«>a solid brown mass when the gaseous AsH, has pa^ed 
away. * , ' 

Organic Derivatives of Arsenic. Many organie eompoupds 
containing ^^rsenic are ajso known. One of the most imports^t 
is cacodyl oxide, which is formed when arsonious oxide is heated 
with anhydrous potassium acetate. The ovil-smolling and poisonous 
liquid contains 


Cacodyl oxide . 

/As(CH3)a 

. . 0/ 

^Ah(CH,), 

Cacodyl 

.•1 As(CH 3 ^j 


1 

As(CH3), 


The former is a basic substance, and forms salts with acids, jitany 
compounds of a similar natiwo are kqjjwne 

Analytical , 

The detection of small quantities of arsenic is a matter of 
considerable practical importance in the examination of foods or 
organic matte^r which are suspected to contain traces fef the 
poisonous sub.stance. One sensitive method known as the Marsh 
test depends upon the formation of the gaseous hydride. Zinc is 
acted upon by sulpliuric acid in a flask and the hydrogen formed is 
made to pass, first through a drying tube filled with calcium chlopde, 
and then along a glass tube, which is gently heated one point 
with a flame. If the solution in the fla-sk contains arsenic, a metallic 
mirror of arsenic will bo produced at tbe heated point of the tube, 
owityt to the decomposition of the arsine mixed with the hydrogen. 
Shbuld a mirror be produced before the addition of the body to be 
tested, it wjll bo known that either the zinc or the acid oldarly 
coptaiils arsey-te and the materials are unsuitable for the test. If, 
however, the zinc and acid are found to bo arsenic-free, thaaubatence 
under examination (or more often a decoction of the latter in dilute 
hj'drochloric acid) is run into the flask through a tap-funnel; and 
if subsequently a miivqr is produced, thd arsenic must have been 
intfoduced with the substance under examination. If the decoction 
is added slowly, the whole of the afsenic is reduced to metal the 
heated portion of the tube, and, by comparing the mirror pri^uced 
* J. V. Janitml^', Bet. 6*(1873), 220. « 



^ENIC 301 

with standard mirVars produced from kno\*n quafifities of the 
^ison, A aough estimation of ti^p amount ^present i» pessible. It 
is best to examine the mirror chemically to ensru^ ftiat it consists 
of Arsenic, and noj of antimony—another element whicli forms a 
volatile hydride ; one method depends on the fact that sodium 
hypochlfltitehpeedily dissolves the arsenic mirroi, but only slowly 
dissolves antimony. Another distinguishing property ii the greater 
• volatility of arsenic. * 

In the Gutzeit test,* the acidified solution to bo tested is tre.ated 
witl» ziiif, preferably in the presence of stannous chloride and 
ferrous salts (ferric salts should be absent). The inixtm-e of 
hydrogen and arsine cvolve<l is not sent through a healed tube— 
as in the Marsh hist-—hut is first passed through lead acetate 
Solution (to remove hydrogen sulphide) and is then passed up a 
tube conthining a strip (U paper soaked in mercuric chloride solution 
which becomes darkened by the action of arsine ; the darkening 
is due to the oxidation hf the arsine by the mercuric salt, and 
consequent precipitation of metallic arsenic. The distance up the 
strip to which darkening extends gives a nieas\ire of the arsenic- 
content. The’fn.iction ofll le tii; (alt appears to be that it sets up 
a zinc-tin couple which ensures the complete reduction of the 
arsenic to the state of araine; it also serves to reduce any ferric 
sails to the ferrous condition. 

-An old U’st for arsenic introduced by Reinsch has also been 
I'.daptad for the examination of foods.'^ It depends U))on the reduc - 
tion of arsenical compounds to cojijier arsenide hy the action of 
metallic copjier. The substance to be tested is acidified with a 
standard quantity of hydrochkwic acid, and copper strips are 
allowed to stand in it fur a specified time. Afterwards they are" 
taken out and dried, and then heated in a hard-glass tube. If 
any copper arsenide has been formed, this is decomposed by the heat, 
and the arsenic, subliming, condenses—mainly os oxide—on the 
cooler parts of the tubes. For rough quantitative purposes, this 
deposit may be comjiared with standard deposits produced by kfliwa 
amounts of arsenic under similar coaditions. 

For the gravimetric separation and estimation of^ arsenic in 
larger quantities (for instance, in minerals or alloys containing 
arsemc) tke following method is used. The solution, acidified with 
hydrochloric acid, is saturated with sulphuretted^ hydrogen, when 
the arsenic, together wit^i various, oiher mejals, is precipitated "as 
. • 

* A convenient form of this is described by W. S. Alien and R. M. 
«f*aInAr,&a Ird. Cong, App. Chem. (1312), Sect. I, p. 9. In some of the older 
forms ^f the test, silver nitrate is used in tlio place of "mercuric chloride, 

(( A. S. Dcl^mo, J. San. 23 (1902)^ 2^4. • 
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sulphide, bt the fulplides produced, however, on^ those of 
arsenic, a*timon^ jnd tin (anjpjs the rar^ me^ybieium anS 
germaniu|n afe present) are soluble in a^nmonium sulphide. These 
three metals can be separated in t^e mannbr *lready indicateS in 
the section on tin. The metals are converted to the hjghest state 
of oxidation by' means of chlorine gas acting upon alf alMine 
solution; then tho solution is made acid withjiydrochloric aMd, 
boiled to decompose chlorates, and* cooled in ice. Hydrogen 
sulphide is now bubbled through the cold solution. Under these 
‘circumstances, only the arsenic is precipitated and miiy Iw filtered 
off. 

When tho arsenic has been separated from other metals it can be 
converted to the state of an arsenate, and then precipitated with a 
magnesium salt in the presence of ammonium chloride an3 
ammonia; the precipitate of ammonitlm magncsiunl arsenate 
should be dried at 100‘’-I20°C.,und afterwards ignited carefully; 
it yields magnesium |)yroarscniite, MgjAsjO,, in which form 
arsenic can bo weighed. To guard ngainsl any possible reduction 
of arsenic, some authorities advoeate^iidd-ng ammonium nitrate 
to the precipitate before ignitiun; others say that there is no 
reduction, if the precipitate is ignited with projHT precautions.* 
To guard against loss by volatilization, it is customary to place the 
crucible containing the precipitate in a larger erueible, and gradually 
to raise tho latter to a red heat. , 

Alternatively arsenic can be reduced to the arsenious cfMdition 
and titrated with iodine. 

, Terkksteial Occurrence 

The arsenic present in rock-magma accumulates—like most ether 
metals—in tho last solidifying portions, and is expelled with tho 
thermal waters in tho final stages of consolidation. Most of it is 
deposited in the fissures through w'hic|i the waters rise, but 
occaoionally a mineral spring will be found still to contain the 
element when it issues out of tho ground. I'or instance, the waters 
.pf a hot spring in the Ydlowstone Park “ deposit, where they emerge, 
the sulphides' 

Realgar . . . c . . 

and Orpfment . . .^ . . . Ab,3» 

Tho lame sulphidw^are commonly fcMnd in the mineral veins 

> See Sir W. (X-ookes, " Select Methods of Chemical Analysis ” (Lonmans); 
F. P. Treadwell, "Analytical Ghemfetry"; [tra^islation by 'IT 
(Chapman &, Hall)/ ^ « • 

• Weed and L. V. Pirssqp, Atner. J. Set. 42 (1891), 4^>1. 
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which rep^sent old^ fissures through which Ifcennaf waters have 
irisen inform#? geological eras^^they are Tespectivelyforange-red 
and lemon-yellow minerals,* very soft, and easily fusiBle. Elemen¬ 
tal^ arsenic is also»foand in some of the veins. Since the waters 
arising from an igneous mass invariably contain many other metals 
besides dluraiih, we generally find arsenic intimately mixed with the 
ows of other metejs ; the two minerals msntioned abowe are found 
• especially in the ores of lead and silver. Small amounts of arsenic 
are, however, very commonly met with in the ores of almost, all 
thedieavicr anetals. Very often wo find minerals containing both* 
arsenic and another metal. The commonest arsenic compound is 
Mispickel (Arsonopyrite) .... FcAsS 
II mineral with steely metallic lustre, crystallizing in tho rhombic 
system wl|pro free development has boon allowed, but often columnar 
or compact. It is a very common accompaniment of tho ores of 
lead and silver, and is ajso found in tin-ores; it is frequently 
associated with pyrites, to which it is obviously allied. 

Certain natural complex .sulphides containing copjier and silver 
have been mun'.ioned'iiiMhe .sections devoted to tho,so metals; 
they include . * 

Enargite ■ • • • CujAsS, 

and I'roustite.xXgjAsSj 

In some cafies these minerals may be of secondary origin. 

In auldition, various arsenides of nickel and cobalt are found in 
the complex ores of nickel, cobalt and silver, .such as exist in Ontario, 
and also in Eurofx? (Saxony and Bohemia). These minerals, which 
have already Ixcn referred to in*the sections dealing with cobalt 
and^nickel, include * 

Smallijte.CoAsj 

Cobaltite., . CoAsS 

Niccolite ...... NiAs 

Chloanthite . *.NiAsj „ 

In tho upper oxidized portions of, ar.seniferous ores, wo find 
arsenious oxide, usually in whitish crusts or in an eaithy fornv 
but occasionally in octahedra (cubic system), in wlfich* form it is 
knoww as' ' , 

Arsenolite.* . AsJ), 

A second, monoclinic forv, is kndwil as , * ’ 

Claudetite . AsjOj. • 

• Arsenates of iron, caluum, magnesium and manganese are afeio 
produced byjoxidation of arsenical minerals Containing these metals. 
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Seeing tBA arsenic istso widely di 8 tributc(J in mine^l deposits, 
we may eipeet to find traces of it in the waters of riyer^idiich ariSe 
in hills c^ontffining mineral veins. ArAmic is pre^nt in a nrnmte 
quantity in many parts of the sea, the annmijt varying from tlOl 
to 0-08 milligrams per litrp; many deposits of rook salt contain 
traces of arsenic.* • '»* . , 

f , m , •• 

Teohnoloov and U.sf..s 

Manufacture of White Arsenic. The result of tke pccuricnce 
of arsenic in small amounts in most metallic ores is that most of 
the, arsenic required for industrial purposes is obtained as a by¬ 
product of other metallurgical industries. Where the demand for 
arsenic exceeds the supply provided in this way, arsenical orcS, 
such as misiiickcl, can ho worked to pittvide a further quantity. 
The proce.ss employed is very simple ; the ore is roasted in a rotary 
caleincr, or a reverberatory furnace, and the gases leaving the 
furnace, which contain the volatile arsenious oxide, are conducted 
through dust-catchers where much of (he “ wliite ansenic ” is 
deposited, and finally—in many eases— through 'an electrostatic 
precipitation plant. During the war-owifig to the special demand 
for arsenie—a considerable arsenic imbistry sprang uj).- 

Uud(‘r normal conditions, however, the by-product arsenic is 
sufficient for most of the world’s needs. The fume obtained from 
the roasters and hlast-fm'naees used in the ordinary smulting ot 
ores of eojiper, lead, zinc and tin is rich in arsenic. Wherever, in 
addition to—or in the place of—the ordiiumy dust-chamlKTs oi 
bag-hoHsos, an electro.statio ckist-preeipitation plant has been 
installed, the yield of arsenic has increased, and the state of the 
atmosphere around the works luus greatly improved. Tile Ulflte 
clouds that are sometimes seen hanging over districts w^icro arsenical 
ores are smelted, ednsist largely of fine particles of white arsenic 
on which, no doubt, moisture has condensed. 

. Cnc of the most important sources of white arsenic is provided 
by the fumes of the copper works in Montana and Utah.*; at 
* Ajiacenda^lior instance* an electrostatic plant has been erected, and 
the dust collected in it contains much arsenic. The dust obtained 
from smelting an arsenical copper-ore may bo treated in a reffirbera- 
tory furnaee, where it is again subjected to a distillation process. 
The arcenic, lead and zinc tro volatili^d, Wt, of these, the lead 
apd zinc are deposited for the most part in the first set of dust- 

I 

* A. Gautier, Comptet Rend. 137<‘{1903), 232, 374. i- 

'' ■ C. A. Doremus, xroM^. Amer, Klectroch^n.'iSoc. 35 (1919), 187. 

ind. 28 (1919>, ^4; A. £. Wells, Min. bid. 30 (1921), 40. 
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catchers; the* gases are cooled aM ^bssed %£rough the 
electroBtdti* order to^jatch thew^te araeni*. 

Ill the recoveiT of white ilreemc from arsenical austly i^^aublima- 
tioJ, careful regulaf4on^3f the draught, and careful attention to the 
rate of cooling of the gases is necessary„since other^'iso the arsenic, 
antiraon^^nd lead are liable to be deposited together. ^ 

¥he complex on^ of silver, cobalt, and nisl^l occurring in Ontario 
(Cobalt region) yield a considerable quantity of arsenic as a by¬ 
product, since the main cobalt and nickel minerals of these ores_are 
actually arsenides. The trontment of these ores has ateady boon * 
discussed in the section on cobalt (Vol. Ill, page 166); but it may 
be recalled at this point that part of the arsenic is removed by 
sublimation as white arsenic diming the smelting, whilst a further 
portion is removed at a later stage by fusing tho “ sju'iss ” (or 
mixture of arsenides) wfth sodium carbonate and sodium nitrate, 
sodium arsenate being thus produced, 

* Manufacture of Metaflic Arsenic. Metallic arsenic is easily 
obtained by the distillation of a mixture of white arsenic and carbon. 
The distillafioi^is often'>c,'W£ie(l out in a retort consisting of a large 
steel pipe set in a gas-firpd furnace ; the vapour of arsenic condenses 
to largo crystals of metallic arsenic on the sides of a water-cooled 
condenser.'^ Tho temperature of distillation is about 650-700° C.; 
a 111 tie arsenious oxide is apt to pass over michanged. 

Use^ of Arsenic and Compounds. Metallic arsenic is mainly 
employed for alloying with load, in order to harden it. Arsenical 
lead is often used for making shot. Arsenic is added intentionally 
to copper and bronze as a tougl^ener; the copper employed for 
locomotive fire-boxes, for instance, usually contains arsenic. The , 
eleetro deposition of arsenic—with or without nickel—is sometintes 
employed to give a dark “ oxidized ” finish to brass articles. A 
bath containing potassium cyanide, sodium phosphate and arsenious 
oxide is employed. If aqsenic alone is present, a bluish-grey deposit 
is obtained, but in tho presence of nickel a good black effect cay be 
produced.^ 

The employment of arsenic compounds depends maialy on their, 
poisonous character. Arsenious oxide (white arsenic^ alid sodium 
arsemte aie used in iftJ-pojpons, insecticides, weed-killerd and sheep- 
dips. Various mixtures containing arscnites'of copper are also 
used as insectioides. At one thnp, ^popiier ansenlto was used is,, 
colouring wall-paper, but*tjus paper was foifhd to bo dangerous. 

• * ° 

• ' Compare E. C. WilUame, .Sng, Min. J. 110 (1925), 971. 

» C. H. Jones, Metf Chem. Eng. 23 (1920), 957* 

' » Met. Ind. t\ (1922), 467. » 

M.O.—VOL? IV. * • * 
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Through the lotion ceftain moulds,* the arse^c may bftconverted 
to a volatile eomMiyidi which h^^been ident^ed ^ eliyi-cacod^ 
oxide [A^CjfijljJu, and may cause* symptoms of arsenic-poisoning 
to those living in rooms decorated with such p^pe;-. Consequently 
arsenical wall-papers are no longer used in this country, although, 
in tropical countries, such wall-papers are sometimes ushd inten¬ 
tionally—o'.ving to thejr insecticidal properties. » 

Arsenic in Medicine. Many of the complex organic compounds 
of arsenic - arc of great value in medicine, and the number of useful 
arsenical drugs has increased greatly owing to continued resdhreh 
on the subject. Tho object of tho investigatioms is usually to 
discover a compound which is, as far as possible, innocuous to the 
human .system, but which is effective in destroying the protozoa, 
which are tho immediate cause of certain diseases. Compounds of 
jientavalcnt arsenic wore largely used at one time, and onie of these, 
“atoxyl,” NH 2 .C,H 4 .As 0 ( 0 H) 0 Na,a;H 20 , is still largely used in the 
treatment of sleeping sickness. Por other purposes, the compounds 
of trivalent arsenic have proved moie effective, and particularly 

the derivatives of the base . « 

‘ « 

C„H,(OH)(NU ,)A.h As.C.HjiOHKNHJ. 

Tho hydrochloride of this base is knowiieas “ salvarsan,” whilst the 
methylene-sulj)hinate 

0„H2(0H)(NH2)A.s ; As.CeHjiOHjNH.CHj.O.SONa 
is called “ neo-salvarsan.” Several other drugs containing trivalent 
arsmiic have proved valuable ; one of them (“ luargol ”) conta;"" 
silver as well as arsenic. ' 

c 

Technological Significance of the widespread Distribution 
of Arsenic in Minerals. Kar more important than the aelnial 
utility of arsenic is the effect upon industrial prosesses of the 
(Kcurrcnco of arsenic in so many valuable minerals. Where arsenic 
occurs in ores intended for smelting it mpst—as already stated— 
be 'vmoved at some stage during the metallurgy, since otherwise 
tho mechanical (or, in the ease of copper, the electrical) properties 
of the mlSt.'.l produced"aro apt to suffer. Where arsenic occurs in 
minerals used for the production of chemicals, the chemicals 
obtainetl from such minerals are likely, to contain arsenic: For 
instance, iron pyrites almost always contain arsenic, and the 
Sulphuric acid fnade from an arsenical type of pyrites by the old 

a* P. Klaaon, Ber. 47 (1914), 2634. . 

• For details and metliods of preparation seo Ci. T. Morgan, " OrgMiic 
Compounds of Arsenic and Antimony'” (Longenans, Green). ^ * c 

* A. Renault, L. iFouniier, and L. Gu6not, OompUti Refui, 161 (19^6), 686. 
See al^ DaUmior and L^vy-Frauckol, Con^ks Rend. 162 (1916), 440. 
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'arsenic 

‘' ohamber process ”• generally contains arseiic tioiAiSounds. In 
rtOO, thesise o^rsenical acid in the manufacture of glucose destined 
for brewing, led to an alaimiii| outbreak of arsenic-poisoning in 
the north of Eri,j;land.’ 

Where the sulphur dioxide obtained t.v burning pyrites is to be 
con’’erteu to Sulphuric acid by the so-called “ Cxnitact process,” 
tro'ible of a different kuid is exptnieneed, “,8 tiio arsenii causes the 
• “ poisoning ” of the platiifum catolyst. Consequently the gas 
must be purified carefully before it is allowed to onto the catalytic 
plai^—a matter which has already been discussed in tlie section on 
platinum. It follows that the sulphuric aci<l made by the contact 
process is generally free froin arsenic, and is to l)c preferred for use 
in the manufacture of food-stuffs, and for other purposes where 
the presence of arsenic is undesirable. 

* A. S. J, San. Insi. 23 (1902), 244. 
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ANTIMONY 

Atomic weight . . . 120*2 

• t n 

Passing to the next nioml)cr of tlfo group, antimony, we find • 
an element very similar to arsenic in most respects, but having a 
bett<!r-defin<‘d metallic charaider. Thus the lower osic^e of anti¬ 
mony is somewhat more basic and less acidic than the corresponding 
arsenic com])ound, and thi: gaseous hydride is very unstable. In 
some respects the behaviour of antimony recalls that of tin, Avhich 
falls beside it in the Periodic Table, but the elemcmt itself is fitr 
more brittle than tin. •’ ' 


The Metal* ^ ’ 

Antimony is a brittle ery.stalline meta^, having a bluish-white 
colour and a bright metallic lustre. It iS rather hea\*lcr thiui arsenic, 
the density being OT. It melts at 630“ C. ‘ami, although much les-s 
volatile than arsenic, it gives off an appreciable amount of vapour 
at a red heat. The vapour density has a value at h igh temperatures 
which shows the pre.sence of Sb. molecules, but the^ are mixed 
at lower temperatures with more complex molecules. ^ ' 

The ordinary metallic, form of antiniony crystallizes in the rhomo- 
hedral system, and is apparently isomorjdious with the metaluc 
form of arsenic. The metal cx^iands when it solidifies. When a 
mass of fused i)t.r(^ antimony is allowed to solidify slowly in a 
crucible, the surface b<'comes covered with numerous ferlT-ti'ke 
markings, sonmtimes taking the form of a star. Thesefmarkings are 
due to the fact that the liquid metal contracts as it cools, and thus 
the dendritic crystals produe(!d during the first part of the .solidi- 
fViation process are left in slight relief ; the aspect of the surface 
is greatly modified by the .presence of impurities. 

' Thp f&iM of the mrfrkings has served to indicate the crystalline 
system to w^ich antimony belongs. The^ctual arrangement of 
the atoms in an antimony crystal ha^ recently beef! SscSftained 
by the XsVay method.* The atoms lie “on two interpenetrating 
faec-cqntrcd rfiombohedraU space-latticesdisifiaced diagonally 
o^ne from the other' ‘ . 

The white, metallic form of antina)ny is much the most stable 

• I * « 

“ > K. W. James aiid'N.,Tun8t«li, Phil. Jltasr.'40^(1020), 233. Cojipare A. 
Ogg.TAii. iftoj;. 22 (1»21).,1»^. . , 
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^riety Imt.'Vii; a yHlow non iiielalltc nuiOificatioii, jorjesponding 
to the yellow ff 'in arsopic, ItfJ been describe i ’ but it is ox- 
trei^ely cbfficult to preserve and passes back n-adily to the metallic 
variety. Like yellbw arsenic, it can most easily be produced at 
very low te:n])eraturcs ; if air or oxy'geh be led into li(piefiod anti- 
mqny hydride at fKl' t'.. yellow antimony is form'd. When 
, brought to higher temperatures, it turn.s iiiaek. fake the yellow 
varieties of phosphorus and ar.senie, yellow antimony is soluble in 
carbon disulphide. 

A so-called “ amorphmis" form - is also sometimes produced 
when antimony vapour is \'olatilize(l in a current of nitrogen, and 
is rapidly condensed on the walls of a glass tube ; it. is a grey 
jipwder, wliieh when examined iindiT the mi<roseope ap|)ears to 
bo compost'd of elu.sters yf little spheres. Since this form of anti¬ 
mony is not produced when the metal is suhhmed in hydrogen, 
it would appear that tiie |i"\\der may consist of globules of ordinary 
antimony preeented from eoaleseing oning to a film of nitride or 
even of oxide : if this i* the ease, it is as misleading to call it an 
allotrojie of antimony as ti^, all '* blue iiovuler " an a Mot rope of zinc, 
or “ flowers of merenry i’an allotrojie of merenry. The jirobability 
that this \'iew is eorreet is increased by the fact that the 
“ amor])hou.santimony contains only about !I8 7 jier cent, of 
antimony. 

. The so-eiflled e,.r]ih)nire, aiiliiitony (uhieh was menlioned in 
Chap. Xl, Vol. 1) is also sometimes referred to as an “ nnstablo 
-•'llotrope.” ft is produced on the cathode, when a solution of 
antimonious chloride in hedroehlojjie acid is electrolysed at a high 
current density. Its jiower of viohnil disinteg-ation is jiossibly „ 
o.r’y du'5 to the state of internal tension such as is often met with 
in electro-deposited films,’ but which gives rise to rather sensational 
results in the ease of a highly brittle metal lik-' antimony. When 
deposited from aqueous solution it is a grey lustrous coating, hut 
if deposited from acetone solution it has a flaky appearaiiee.t In 
both cases tho deposit contains a considerabh- amount of antimony 
chloride, probably in solid solution.^ When heated lefcaliy, or 
even when scratched, it flies to powder with explosive violence, 
the dienolved chlorid^5cinj at the same time evolved a.j a vapour. 

Antimony lies rather towards tho ‘ noble ” ewd of the Potential 
Series and is preoipita.cd from a solution of one of its comjiounds 

• .♦ 

‘A. Stock and 0. Gultmann, Ber. 37 (I904)» 898. 

* F. Hdrard, Comptes Rend. lOf (f888), 420. 

* Compare O. G. Stoney, Proc. Roy> Soc. 82 [A] (1909), 172. 

^ B. C. Falmor and L. S/Faimer, Trans. Amer. Eleclroch^m. Soc. 16 (1909^» 

79. • 

•A. Maz£uc<4eili, QazeUat 44 fl9U), ii, HlH. 
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by a less^nqble metal, such as tin, iron, or zinc. Ait!(jiough the 
clement rcn«»instbfight and uiftiPect^ by Siir ^ ordinary #em- 
pcratureS, antimony burns when heated before ty blowpipe, ctensQ 
fumes of whit(! oxide being produ6ed. As in' the case of arsenic, 
a good deal of Usat is evolved in this reaction. Similarl'j[,<pow4ered 
antimony introduced into chlorine gas without previous heading 
combines with it with evolution of Jieat ancf light; the higher, 
chloride is the chief product. 

Being more noble than hydrogen, antimony cannoj bring ^bout 
the evolution of this gas, and is unaffected by boiling hydrochloric 
or dilute sulphuric acid. Nitric acid oxidizes it to a hydrated 
antimonic oxide SbjOj.a-HjO (usually with the lower oxides). 
Antimonic oxide is not sufficiently basic to dissolve in the excess 
of nitric acid, but remains as an insolubl* white precipitate. Thus 
the behaviour of antimony with nitric acid recalls that of tin. 

The anodic behaviour of antimony\is most interesting, since, 
unlike the metals of the four previous groups, it shows “i.'alve- 
action ” in numerous electrolytes. In cfmtrast with aluminium, 
the juesence of chlorides in the solution in no way hinders the 
maintenance of the non-conducting film 'on an antimony anode. 
Indeed in very dilute iiotassium chhiride solution an antimony 
anode will withstand a pressure of no less than 700 volts without 
breaking down. 

Laboratory Preparation. The metal may fie oiitained from* 
the oxide tiy heating it with carbon, or from a solution by boiling 
with tin in the presence of hydrochloric acid ; the latter methoa 
gives a dark precipitate of finely-divided antimony. A good 
deposit of antiniAny can he obtained by electrolysis of an acidified 
sulphate solution, preferably warm, if the current densify iSTKot 
allowed to rise too high. * 

If it is desired t‘o obtain antimony in the laboratory from the 
sulphide (which is the naturally occurring ore of antimony), it is 
poJIsible to fuse the sulphide with a mixture of carbon and sodium 
carbonate ; a variation of'the process is to heat the sulphide with 
crearc of 'tartar (a salt which yields a mixture of carbon and 
p'otassiuin carbonate on heating). In aitij^r case, a button of 
antimony is obtained when the fused naass is poured*n{o fTlnouId, 
but a good deal of antimony is lost by volatilization or in the 
" scoria,” and the^yield i» v«ry poo^. A much better yield is 
ijbtained by fusing Untimony sulphide with twice its weight of 
potassium ferrocyanido, under a la;^r of potassium cyanide, but 
Lhe metal prodjiced contains irftn. , « 

‘ G. Schulze* d,rm. Phys. 24 (1907), iS. 

‘ F. Foersier, Zeitkh, Blejctrhcb^rn, 18 (1912), %94. 
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, The prcyiaration ’of pure antimony frtm impure*matcrial can 
be oarribt’ in number ,9f, different* w,ay,s. * fft lean bo re- 
cry'stallized a& the complex tartrate, known as “ tarta’’ emetic ” 
(see below ); or afferriately it may be brought into a solution as 
chloride or sulphate in the presence .iff acid, thp solution b(>ing 
afterwards diluted with a large excess of water, so as to precipitate 
tfic basic chlorid ' or sulphate; the baJa, sulphate ean be frwal 
from arsenic by heating weth calcium fluoride, a treatment which 
eliminates arsenic as a volatile fluoride. Having at last obtained 
a ^rc rntfinony compound, it is converted to oxide and reduced 
to the metallic condition. 


Compounds 

* Like arseni<', antimony forms two series of eom]>ounds in whieb 
it is apifarentiy trivalttit and pentavalent ; they corresiiond to 
the oxides Sb,()., and Sb.O,,. The lirst-nnmed oxide is weakly 
aeidii^ and alsiJ weakly basi(^ ; the pentoxide has a Tiiore inark('d 
acidic character, but jji only the feeblest of bases, h,-sides these 
oxides, an inferniedia*e,^oxide, SbO.;, with some illabdined com¬ 
pounds eorre.*ponding to it, exists. The majority of the com- 
j)Ouml8 of antimony arc colourless, but there are some exceptions. 

Compounds of Trivalent Antimony (Antimonious Com¬ 
pounds). 

Antimonious oxide, iSb^Oj, is formed when the metal is heated 
with limited access of air, for instance in a loosely-covered crucible. 

If heated with full aecc.ss of air, the product generally contains a 
higher oxide (SbO J. Two forms exist, being respectively isomor- 
phous with the two modifications of arsciii(fa8 oxide. A ligJitt 
tlb'wofy variety consisting of rhombic cry.stals is obtained w-hen the 
heating is not too strong, but at higher temperatures this sublimes, 
yielding octahedra belonging to the cubic system. The oxide 
melts at a red-heat and volatilizes about I ,.51)0'^ C.; the vapour 
density corresponds to the double formula Sb/),. Like so -uany 
oxides, antimonious oxide, although practically colourhss when 
cold, is distinctly yellow when hot. * ^ * 

4p,tlmonious ^ils. The oxide is almost iirso/ujilc in water, 
but dissolves in some atids and also in alkjlis. Tin- solutions in 
acids contain antimonious salts, the bi-st solvents being hydro¬ 
chloric and tartaric acids. Thd sftlution yi the formci- contairik 
antimonious chloride, "Sbyij, and, when distilled, yields ^rst 
wa^r, then the excess of fiydrochloric acid; lastly*, the anhydrous 
’chloijfle distils over, i The ctiloride is a crystalline subst-Vi®®! * 
•See H. ^oissan, " TraiW do ChimiB^Wralo " (Masson), Vol.*lI, 
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sometimes Itrlbwn a#“ Witter of antimony,” Wtioh mo^ at 73° 
and boils cbmit 2^3° Ok Althougb readily hjdrojpJd*!^ water, 
it is very,aofiiMo m hydrochloric aoid,’tho concentrated solufion 
being rather heavy. When the soljd chloriQe js treated with un¬ 
acidified wat-l;', or oven whrti the solution in hydrochloric acid is 
diluted with much water, hydrolysis occurs and insoWblo hasie 
chlorides aw formed. < IPho basic chloride— or ^mixture of biEHio 
chlorides—prepared in this way is soilictimos known by the old 
name of Powder of Algaroth. One of the basic chlorides which can 
'be obtained crystalline, and is probably a definite cotrtprund, <ia8 
the composition [SbOlCl. It may be regarded as “ antitnonyl 
chloride ” derived from the comph^x radiele [SbO]. 

Antimonious oxide will di.s.solve in cold fuming nitric acid and 
in hot concentrated sulphuric acid to give a nitrate and sulphate ;* 
the solution in hot sulphuric acid deposit? lung eolourlefs needles 
of the sulphate on cooling. Both salts are very unstable, and the 
crystals are at once hydrolysed upon flfc addition of water. By- 
partial hydrolysis of the normal sulphate^ antimony! sulphate 
[SbOJjSO, can be obtained. ^ « 

Among the most important oxy,,salts of antimony are the double 
tartrates. One of these, known as tartar emetic, is produced 
when antimonious oxide is dissolved in ‘t cream of tartar ” (potas¬ 
sium hydrogen tartrate). It is a potassium antimony! tartrate, 
K[(Sb 0 )C,H 40 ,]»H.i 0 , and is probably a complex salt,containing 
antimony in the anion. ^ 

Antimonious sulphide, Sb-jS,, is formed winm a solution ni- 
antimonious chloride or tartar emetic containing hydrochloric acid 
is precipitated wit^f sulphurotted®hydrogen ; it is an orange pre¬ 
cipitate, which, when dried, is found to be soft and easily weltai. 
If heated to about 212° C. the orange substance becomes black. 
The tomporature at wjhich the change from orange to black occurs 
is reduced by the presence of hydrogen chloride, ammonium 
chloride, and especially by antimony chlorkfb ; the latter substance 
deptesses it to about 125° C. It is considered by a recent investi¬ 
gator that itlje blackening is hot duo to an allotropic change, ^nce 
it dpes not occuc at any definite transition temperature, and appears 
to be irreversible; it is probably caused l^.'he forraatiorwff a 
trace of collpidal antimony through the partial decomposition of 
the sulphide. 1 . . < 

Preoipftated antimonious sulphide dissolves readily in sodium 
or r ammonium sulphide solntioijs, ^ soluble thioahtimonites 
(xSb,S 3 .yNa,Sy being formed; irj this respect the sulphide of ^ 
antimony resembles,th^se of arsenic and Vin. Such solytions 
’ »F. de Bftoho, Ann. fthim. Appl. p (1919), 143.» 
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lyadily abs^b suIphW, passing to thioan#moftatos, \fl?ich are also 
formed extent when aj^^monious »uli)hide ih (Jssolvcd in 

a y|llow sampl,^pf ammonfiim sulphide. Only ttu' thToaijtiinonit<'s 
'containing excess ef sbdium splphide are soluble in water, those 
rich in antipiony sulphide being brown o» black insolybh^ compounds. 
All'the tliioantimonites are deeomposiid by acids, regenerating 
antimonioua aul[it.%le. Antimonious suljii'ilo dissolves in caustic 
alkalis, giving a mixture of’antimonites and tliioantimonites. 

i^itimonites. It has been mentioned that antimonious oxide, 
is apprecTably soluble in caustic alkalis; from the solutions anti- 
monites, corresponding to tlie arsenites, can lie obtained. For 
instance, a solution of antimonious oxide in eaustii' soda yields 
*)dium antimonite (NaSbOj.IiH.O or Na20.SI).0;|.()HjO), whilst 
if the sojution contaii^ excess of antimonious oxide, an acid 
antimonite |.VaSbOj.2}liSl)Oj) is jirodueed. The antimonites are 
white crystalline bodies, not very solulilc in water. 

B. Compounds of Peptavalent .Antimony (Antimonic Com¬ 
pounds). ' ^ 

Antimonic oxide, kib/ij, is •formed in a hydrated condition 
when antimony is treatid with nitric acid, and the anhydrous 
substance is formed as a yellow ])owder when the. insoluble residuo 
is iiiutiously heated below 27r)' tb As is so often the case, the 
I colour is maeh darker when the oxitle is warm. Antimonic oxide 
is practically insoluble in water. 

‘^‘'Antimonic Salts. The ba.sic properties of the, higher oxide are 
very feeble. It is slowly dissoh'<j(l by hydrochloric acid, but it is 
difficult to prepare the chloride from the solution. Antimonic • 
eWaride, .SbCij is, howeier, obtained by the direct action Of 
chlorine on ^he metal, the combination being rather violent arid 
causing the evolution of heat and light. Ciiixou.sly enough it, is a 
much better detined suInstance than arsenic {ientaehIorid««i(AsCI, 
the very existence of wtiich is still doubtful. Antimoiiu chlitrido 
is a ijol.atile liquid, boiling about IW It. is not at once decom¬ 
posed by icc-eold water, but hot wati'r causes hytkoly s-sitef hy drated. 
antimonic oxide and hydrochloric acid. Various ddublb ijJorides 
are fbrtnfid by addlflgallgiline chlorides to the solution. 

A pentasulphide, SbjS„ is described in chdmical B*<ratmx!, but 
recent investigations ^ave renddrqfi it doubtful whether the sub- - 
stance exists ^; the orangc^ed substance usftally rcgardeir as the 
pentasulphide probably consist.^ mainly of a mixture^ of lower sfil- 

* > F.*Kkchhot. Zeitsch. slmrg. ChaX. 112 (1920), 67 ; A- Short and F. H, • 
Sharpe,07. Soc. Chem.cJnd. it (1922), lOdr. Coitparo D. F. Twiss, J. - 

(Them. ind. 4V (192?), 171t. • . • * 
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phides (SbSj^nd SffjSjfand some free sulphwr. Hpwjfver, varioijp 
thioantlrAoj^ate^ afo taown, having be^ is^^d ift the solid 

state. IJia solution of antimonious sufphido in yaBow ammonium 
sulphide contains the ammonium siilt; it oan»b/obtained in pale* 
yellow prisms, by crystallization. Sodium thjoqn^monate 
(NajSbSj.OHjO or SNa^S.SbjSj.lSHjO) is formed—along Wifh 
sodium anfllmonatc—liy dissolving antimoniou?' sulphide and*?ul- 
phur in caustic soda, and can bo isolated from the solution in 
totrahedra having a yellowish tinge. It is known as “ Schlippo’s 
' salt.” Several thioantimonates of the heavier methlss- liko the 
yellow zinc salt, Zn 3 (SbS 4 )i, may be obtained by precipitation. 

Antimonates. Antimonic oxide is only very slowly dissolved 
by caustic alkali solutions, but the various hydrated forms of the 
oxide obtained on the gradual hydrolyijis of antimoiyc chloride 
dissolve more readily, presenting a gr(«ter surface area. Some of 
these water-containiivg vuirieties of ” imlimnnk, acid,” jirepared by 
the earlier investigators, were assigned spi^cial names (pyr(i.anti- 
monic acid, ortho-antimonic acid, etc.) toVxi»rcss a possible corre¬ 
lation between them and tho various ]»if isfihoric and arsenic acids. 
But recent rcsciarches on the rt^noval of ivater from ” antimonic 
acid” by allowing it to stand over concentrated sul|)huric acid are 
interpreted as showing that the compounds described were not 
definite hydrates. ‘ Similarly, the attempts to classify the various 
antimonates as pyro-antimonates, meta-antimonates, have^proved < 
unsatisfactory. Some of the amorphous antimonates described in 
the literature appear to be adsorption compounds. However, wTte..« 
tho hydrated forms of antimonic acid ate allowed to stand in a 
, solution of soda, jvarious crystalline antimonates may bo formed, 
the composition of which depend upon the amount of alkali prestmt. 
Tho best developed sodium antimonato is obtained by the action 
N 

of -j-- soda on hydrated antimonic acid and has the composition 

NatHjSbjO,.6HjO. It crystallizes in cubes or cubo-octahedra, 
and is commonly known ,as sodium acid pyro-antimonate, 

. although'if the composition were written in tho form 2 NaSb 03 . 7 H, 0 , 
it<couId bb regarded as a sodium meta-antimonatc.^ 

Tho antimonates of tho heavier motEijs, whig mostly'inSdiuble. 
may be olrlsained by precipitation from the sodium salts. 

\ t «• 

C. Intermediate Cpmpouitd^. e 

‘Antimonious-antimonic oxidCj (SbO,; usually written 

* G. Jonder, KoU. Zeitsch. 23 (191^), 122. i “ 

Compare G. vou* Knorre and P. Olschewky, Jder. 18 (18841), 2353, 
espociklly pages 2356 and 2361., 
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£hfi,) is f^pnied wlien either the lower Tir higher oxide is heated 
in Jhe air It l&w aed heat. I| is conveniAit'y j)rop^eft by oxidiz¬ 
ing antimonyVith nitric acid, and heating the resultafat mixture 
to dull redness unlSl the weiglrt is constant.^ The oxide is a white 
solid. AY^er heated strongly it yield* antimnnious oxide (SbjO,). 
"^jlie intermediate oxide may,-of course, be regaisled as a com¬ 
bination of the %ther twij, in fact as Viifimonious-'antimonate, 
SbjOj.SbjOj or 8b(Sb(),). But since it seems to possess both a 
w<^k basic^and weak acidic character, it is probably best regarded 
as a simjMe oxide derived from tetravalent antimony (SbOj). When, 
for instance, the substance is fused with potash, a salt, KjSbjOs 
(or K 20 . 2 Sb 02 ), is obtained, as a white body, soluble' in hot water ; 
.and from this salt other less soluble “ hypo-antimonates ” are 
obtained^by preeipitatipn. Again, it seems likely that the corre¬ 
sponding tetrachloride (ShCl.) is pis'sent in the dark brown 
solution obtained by the action of chlorine on antinionious chloride 
(Sb/dj). The chloride itself cannot be obtained from the .solution, 
but the double ehhxides, which are less soluble, can be jmepared. 
Thus the rubidium cdWipeiind, HbjIShdl,, ai)jw'ars as a violet 
crystalline ]Kitt(ler, when a sokition containing antinionious and 
antimouic chlorid<'.s is treated with rubidium chloride. 

The corresponding sul|*hide (SbSj or Sln^Si) is formed when zinc 
thioantimonate is decomposed by an acid. It is the main con- 
..titaent of the so-called “ golden sulphide,” obtained when a 
i-jhbition of sodium thioantimonate is acidified This precipitate is 
•iftually described as being mainly antimony pentasulphide pSbSj), 
but recent work - shows that it consists of the intermediate sul¬ 
phide, SbjS), mixed with free sufjihur, which c.;in be extracted with 
ii«r.rbon disulphide, and sometimes some SbjSj. 'I'he sulpliido SlijS^, 
can bo regarded as antimonious thioantimonate SbfSb.S,), or, 
alternately, as a simple sulphide of tetravalent antimony, SbSj. 

D. Miscellaneous Csmpounds. 

Antimony hydride, SbH, (stibim), is a much less staiileliub- 
slahce than the hydride of arsenic. Stibine ” is \(;r> rlitlicult to 
prepare in a pure state, but is evolved, mixed with a. la ge c/icess 
of'hydrogen, wludrtn antimony compound is added to dilute 
sulphuric acid in which*zinc is placed, Lik<; arsine,,the stibine is 
decomposed when passed thnmgh a gently-heated tube, a mirror 
of antimony being forrfled. But it dilfeja from arsine in its be*- 
haviour towards a dihitj wlution of silver nitrate. Hydrogen 
I antimonide reacts with the sili#;r nitrate in the nortnal way to give 

• • i • » 

* I J. vow Szili\gyi, Zeitfich. Anai. CKem. 57 (1918), 23. 

« F. Kdrchhof, ZeiUch. Anorg.Ckem. 112 (1920), 67. . 
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black silver aRtimonfde ^nd nitric acid; aftei»filtratio|>, therefore^ 
the solutiofi ^biita^it^nd antimonyOn the olJicr^Bmd? ftydroeen 
arsenide is oxidized by the silver nitraft to arsonjfts acid, w^ch 
can afterwards he detected in solution, tho*hliRk^procipitate pro¬ 
duced in this ca.so being mrt silver arsenide, but m^taUiev silver. 

Various other antimonides arc known as components of allw' 
but it shouM be noticed that in addition to tkeso salt-like anti¬ 
monides, other true “ inter-metallic compounds,” having formulse 
unrelated to the valency of antimony, are known. For instance, 
the ineltiiig-point curves of antimony-potassium alloys sho\t maxima 
at two points corresponding to the compounds KjSb and KSb. 
The fortmu compound (potassium antimonido) is greenish yellow, 
and igniter spontaneously when broken, whilst the lattiu' has a 
metallic appearan(« resembling antimony, and is much less readily 
oxidized.* The (impound K,,Sb is to be regarded as comparable 
to a metallic salt, whilst KHb is a true “ inter-nu'tallic compound,” 

Analytical “ 

Antimony compounds, when hcab'd on, charcoal, give dense 
white fumes of oxide, and an incrustation of sublimed oxide on 
the charcoal. If this incrustation, when cold, bo touched by a 
drop of ammonium sulphide, it is at once converted into orange 
antimony sulphide. In such a way, antimony is distinguished from 
other metals which give white incrustations on charcoal. 

A clear solution of an autimonious compound in hydrochloftn 
acid, when poured into excess of water, gives a cloud of basic salt 
or hydrated oxide owing to hydfolysis; the solution is clarified 
on the addition of tartaric acid. But this phenomenon is uok 
lieculiar to antimony compounds. , 

The identification of antimony in solution, and its quantitative 
separation from other elements depend upon the fact that of the 
common metallic sulphides which can be precipitated in acid 
solution, only those of antimony, tin and arsenic are soluble in 
ammoniunii srdphide. The aejtaration from tin and arsenic has 
already keen di»msscd in the section dealing with the first-mentioned 
metal, . ..,. 

When antimony is to bo determined by a gravimetric method 
it is usually precipitated from a hot acid solution by hydrogen 
sulphide,'and the precipitate, fritei'ed in a Hooch crucible, is heated 
at 230° C. in a current of carbon dioxide imtil the weight is con¬ 
stant.’* The ignition at 230° C. is needed to volatilize any excess 

” * N, Pa^ravaI;^, Oazetta, 45 (1915)’,' i, 485. 

‘ » Th. Paul, Zeitsc!-. j>nal. Ckm. 31 (1892), 640. 
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of sulphur,or to flflcg’upose any bighw sulphide,*leaving pure 
Sb,S3 ii» ^^ucible. ' , • ^ 

Jhe approfflRato*estim»tion^oi antimony m^lloyS has already 
• bedJi described^p J;ho" section on tin. The alloy is treated with 
hot concentrated nitric acid, and ail pictals oxcont tin and anti- 
jnotiy aTe'cohverted to soluble nitrates. By boning the residue 
wKih compact tin ^id hydrochloric acid, al^lho antinu ay is reduced 
to the metallic state as a Wuck powder, which may be dried and 
weighed. 

Ml viejr ef the diiiiculties attending the gravimetric estimatioif 
of antimony, volumetric methods have special interest. Various 
methods have been descrihed, depending ujxm the titration of an 
antimonious solution with iodine, ^ potassium bromate^ and 
potassium permanganate^ rcs]iectively. Titration with jicrman- 
ganate has recently bcfti shown to be possible even where (as is 
usually the case) the antimony solution contains hyilrochloric acid ; 
fin general, it is difficult toHitrate a solution containing hydrochloric 
acid “with permanganate, since the acid itself decolorizes the per¬ 
manganate, chlorine oeilig liherated. In the new method, a small 
quantity of ‘'’Boirrier’s orange ^ is added to the solution before 
titration ; permanganftte is now run in, and, as soon as it is in 
excess, chlorine appears ia the solution and bleaches the colouring 
■oiaterial. The disajipoarance of the orange tint therefore marks 
tlje <md-pqint. 

* 

Tekrestmal Occurrence 

The geo-chemistry of antimony re,seiublcs that of arsenic, but 
for some reason which it is difficult at present to decide, antimony 
occurs somewhat less closely intenninglcd witlf other metals thair 
*(Ioes arsenic. Thus, the antimony is usually present in smaller 
amounts tlian arsenic in the ores of the heavy metals, such as 
copper and lead, whilst, on the other hand, extensive ores extremely 
rich in antimony exist in many ])laecs. The Chin(!'!(!’’ores, for 
instance, contain 20 to CO per cent, of the metal. Bract ic iky, all 
the valuable ores contain antimony mainly as the sulphide 
Stibnite (Antimony glance) . SbjS„ , 
a rvither seft miinrttrwith grey metallic lustre, crystallizing in 
rhombic prisms. It has evidently been deposited 'n most cases 
from thermal waterifarising from aiygneous masw, and is generally, 
accompanied by quartz.* A reddish amorpkwus form of the same 

* F. H. Heath, Amer. J. Sd. 2S (1908), 613, describes a process for the 
siodoftietoc determination of antiraeny in the presence of cof>{>er. 

*J. Duncan, Chf^. t^ews, 95 (1907), 49.,, * ■> 

> L. Bertiaux, Anh, Chim. Anal, 2 (1920), 273. 
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compound f‘rmctasVbni|e ”) is found in tl^ft sinter, of certain 
mineral springs which jarry antimony. * * 

In additioff to ftifinite, we al#o'fmd»nativ# (el^fontary) anti¬ 
mony, whilst in the oxidized portions of the ores^umerous allti- 
monatos, as well as antimonious oade, occur. Other antimony 
minerals, such !w the silver-ore • «, .* _ ^ 

•Pyrargyrite,; .... Ae^SbSj, 

»* 

are of interest chiefly as a source of the other metal which they 
contain. 

Several of the important deposits of antimony arc'•situated 
around the Pacific. The ore is met with in Bolivia and, to a 
a small extent, in California and Nevada, in British Columbia, 
in Alaska, and in Japan. By far the most important deposit^, 
occur, however, in China. As we pass southwards the ore re¬ 
appears, on a much smaller scale, in Indo-China and on the 
borders of Burma, and again in Queensland, New South Wales, 
and Victoria ; the Victorian ores are at present the most impoHant' 
of the Australian deposits. 

Outside the Pacific ore-circlc, antimony ore occurs around the 
Mediterranean Sea, namely, in <Portugal,, Spain, the South of 
Prance, Italy, Sardinia, Serbia, and Algeria. The French deposits 
are a stibnito associated with auriferous p"yrite8 ; the Algerian ores, 
which are quite c.xtcnsive, are mainly of an oxidized character.* 
Antimony ores also occur in the Ural Mountains and* in several 
localities in Siberia. 


MKTALLURQy AND UsES 

• Practically the w'hole of the world’s supply of the metal is made 
from sulphide ore. In the exceptional cases where the ore'mihcTl 
contains, say, IK) j)er cent, of antimony sulphide, it can be smelted 
direct. Generally thv sulphide is disseminated in small particles 
throughout a mass of worthless material (quartz, calcite, or barytes) 
and H sometimes mixed with pyrites, galena, and zinc blende. The 
two main processes for the separation of the antimony from, the 
valueless matter are 

(I) lAgudiion processes, depending on the^^y fuaibility of anti¬ 
mony sulphide, which melts at 540° C..; th^e are iuifaBle* for 
fairly rich olVs containing, say, 40-70 per cent, of antimony. 

'• (2) Volatilization roasting, dep<'nding op the faet that antimony 
ores yield a volatile oxide (SbjOd when roasted; this process is 
suiifed for poor ores 'with, say, 10-20 cent, of antimony, and 
also for the residues from the liqdhtion process. “ 

* K. C. Li, Min. Ind. 28 (1919), 28. 
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It s^uld .be noticed that these two methods of ncAicentration 
^e (iiff%r^^^roduots. laquation yields,the svlphid^ which is 
usuaKy conve^d tS metallio liftimony by h«ttiiig**wnth scrap- 
iron? whilst volatilization roasting yields the oxidr., which is 
generally reduced to the metaflic state, with carbonaceous fuel. 

• Llquallbn.^ Crude and rather wasteful interiiiittent methods 
of Equation frcu^ll largely used in Cliitei.- -which i« the most 
important antimony-produciTig country at the present time. The 
type of furnace employed is showii in Fig. 31. The ore is placed 
in j^rfor^ted fire-clay pots (A) which are set in the' furnace and ‘ 
heated, until tlu! antimony sulphide melts and trickles out through 
holes in the bottom into other pots B set below ; most of the worth¬ 
less material remains in the u|)i)er 
pots. 

The product of the li()liation iwo- 
cess is knou'n as “ crude anti¬ 
mony.” It consists, it Wiould be 
> noticed, essentially ot ^anlinioniovti 
sulphide (Sb^S,); but»4tf a little 
sulphur is usiiiniy burnt away d^ir- 
ing the liquation prixit'ss, it gener¬ 
ally contains some oxidefand also 
metallic antimony, formed no doubt 
, by intcraetjon beta'een the oxide 
and sidphide.'* 

^Preparation of Metallic Anti¬ 
mony from the Liquated Sul¬ 
phide ("Crude Antimony’*). 

.The. sujphide of antimony is not. 

1 1 i io tio. 31.—ClnnoiH' Liquation 

difficidt to Reduce, but the com- Funmeo. 

parative volatility of the metal and , 

its oxide is liable to make the process wasteful, if care is nid taken. 
One method is to remdVe the sulphur by heating with iron. ^ In 
an alternative process, sulphide is roasted to proiluce the oxide, 
wliioft is mixed with coal and reduced to jhe metallig soielition., 
The roasting of the sulphide to oxide is not, however, easy, as ^he 
sulphide •tends to irtlf^and produce a fritted moss to which air 
does not readily get access ; much care is neuded, if t ’jc whole of 
the sulphur is to be eliminated.! , ■ 

’ K. C. Li, Trans. Amer. Jnst.*hfet II (1917-18), 92. Also A. 8. Whelei, 
Trans, Inst, Min. Met. 25 (19ft), 360. i 

• • Vf. % SchocUer, J, Hoc. Chem. In*. 33 (1914), 169 ; 34 (1915), 6. 

* See ^so H. O. Hofrlfknfand J. Blatchford, Afel. Cfihn. Eng. 14 (19H1). 
163. . • 
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Probably', (therefore, the iron-reduction {process is in general 
the raorepecenomical yrtethod ()£ treating the li(iui't<?d .Bulphid8. 
This methou, which dispenses with the need S^'a, prelimiHary 
roasting to oxide, has long been used in certain ^^Iritish antiiffonyo 
works, and when carried (jut in pots is known as the “ English 
process”; it is also used in China. The reactidn may« 1^ 
represented , 

Sb,Sj 4- .‘IFo ■= 3PeS 4- 2Sb. 

Since the iron sulphide is immiscible with the antimony, we may 
(expect to got two liquid layers, the lower one consistin| of fcsed 
antimony, and the upper one of liquid iron sulphide. The differ¬ 
ence of specifi(! gravity is not, however, great; and the .separation 
of the two liquids is greatly faeilitat('d if sodium sulphide is prosepf 
in the iron suljihide jdiase, since the suf)cific gravity is thereby 
reduced. 

The operation is carried out either jn graphite pots or—on a 
larger scale- in a reverberatory furnace ; processes involving th6 
principle of iron-pr(!eipitation have also Leon carried out in this 
country in water-jacketed blast-furnaces."”' The antimony sulphide 
is mixed with excess of scrap iron, tinplate cuttings being preferred. 
Salt and scourings from a previous operation are generally added 
to assist the fluxing of any slag-forming material that may be present, 
and to reduce the losses by volatilization. Sodium sulphate is often 
added to the charge ; it becomes reduced to sodium sulphide, and. 
serves—as explained above—to reduce the specific gravity of the 
sulphide phase. When the molten product has separated into’wafc 
layers, the metal is janirod or ladled into moulds, the sulphide layer 
being separated (.'itluw before or after the solidification. 

The metal producetl is, however, not pure antimony; for tunep' 
excess of scrap is always used in the process, an all«y containing 
about 7 per cent, of iron is actually obtained. This iron is removed 
by fusing with excess of antimony sulpliide. The ferrous sulphide 
proiluced separates as a matte, and the ahtimony obtained is free 
frJmi iron, but now contains a small excess of sulphur, since anti¬ 
mony sulphide is slightly soluble in metallic antimony. The sul¬ 
phur ik extrafted by fusing the product under a special flux, which 
consists of a molten mixture of potash laidsantim(jnyi s’dphide. 
This flux ro doubt contains potassium thioantimonite, and readily 
absorbs sulphur (forming the thioantimonate); in this way pure 
antinwhiy is obtained. It is curious to note that antimony sulphide 
is used first to remove excess of iron, and then, in presence of 
alkali, to remove excess of sulphur. v 

* W. R. Schoeller, Tntm. Inst. Min. Met. 25 (1916), 360. 
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^ *The p'irity of the'metal is judged by tlfl appearanfleTof a “ star ” 
upon th* ^j^i^aUine surface (^jtho mefai iv^hen it’isaallowed to 
ci‘y%talb 2 e^ffi;# f!ie surface S a neutral slag. In'th^ presence 
'' of l^pui'itKA {tj ajar is aUsegt, or is very poorly defined. 

“ Volatllizotion roasting ” is the J>e.st metho4 of dealing with 
itrca tod poor for liquation, as well as for the residues left in the 
p#R after liquaiio^i; those residues still fimtain sona) antimony. 
It is elosely analogoiis to tito i)io(^ess used for the volatile concen¬ 
tration of zinc ore.s. Tlie Herrenschmidt process,* which was 
det%lope,^l fn France, and moiv recently has been applied on a 
large seale in China - and also in Canada,-'’ has proved most sue- 
eeasful. The ore.s as mined are ini.xed with gas coke or charcoal 
and are ehai'ged into a roasting furnace t) (Fig. (12), where they 


f 1 



rest u'pon horizontal lire-bai-s airangetl slep-wi.se. By mean.s of 
ooAitff fan F sniiieieiit air is drawn through the furnace to oxidize 
the antimony to the oxide Sh.I),, which, U-ing quite volatile, 
subliiiK's aaay, and is condensed in the verfL.-al >iir-cooted eon-, 
jlenaeraC and may Ih^ removed from tiling to time through the doors 
D. The last trace of oxide is condensed in the coke tower T, 
down which w.di-r trickles. 

Preparation of Metallic Antimony from the V.ilatilized 
Oxide. The oxidi- of antimony is used as tin- .source, not ■■.)((ly 
of»the metal, hut of mo.st antimony compounds. "Whero it is 
desired to reduce it to the metallic conditii'/n, it is npxetf with coal* 
or charcoal, toget hor.-Jtt ith sodium carbonate which serves a» a 
flux? ihts nfixture ifTicatqd by hot gases in a ri'vorlieratory furnace. 
Sometimes other sodium salts are added. Thb carbon Teduccs the 
antimony to the melallic state,* iyid-the sodium *sall8, foxing-a 
fused layer, over the surfate, prevent excceSive loss of metal by 

* See C. y. Weng, " Antimony (Griftin). * 

• * W. K Collins, " Mineral EnterjirUS in China " (lleineinann); C. Y. Wang, 
Trans. ^rnf,r. Inst. 60 (1919), 3. a * ’. 

“ J. A. De Cow, Met. Chcm. 16 (1917^ 444. 
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volatilization/ In spite 6i this precaution, however, a cpnsiderabfej 
fraction of thp'totaj qnthnony is i( 5 ii^lly oarried^offSy<itli3 furnace- 
gases. The molten antimony produccd'by the reaction prot^ss 
is run off through a tapping-hole At the'sidin')' The covering 
mixture of slag and of sodiiwn salts is only slightly affected by the 
process, and most of it, mixed with a little fresh materiifl, can “be' 
used for the) next oharg... , ‘ “ 

The antimony thus produced is often impure, but a considerable 
proportion of the more reactive impurities can be removed by 
fusing under suitable fluxes containing alkali, antimoify rulphfiie, 
and often sodium sulphide. In some cases an oxidizing flux, such 
as a mixture of nitre and carbonate of soda, is employed. 

Blast-furnace Production of Antimony. The blast-furnacc, 
has also been ns<‘d .Huccessfully in the motJiJIurgy of antinjony, and 
at certain English works has token the place of the pot-furnace. 
It is suited for the direct treatment of oejtain ores with antimony- 
content of about 2.')-40 per cent.—that is, ores intermediate in 
character betw'oeu those suited for liquation and those suited for 
volatilization-roasting. By treating a mixture of stibnite, coke, 
and fluxing materials in a water-jacketed bkuit-furnacA; a good yield 
of antimony can be obtained. Part of the sulphide is converted 
to oxide, which reacts with the remaining sulphide, yielding metallic 
antimony.* During the war, an American Arm carried on the 
direct manufacture of lead-antimony alloys in a blast-furnace, by 
the treatment of ores containing gakma and stibnite, mixed with 
certain oxidized ores from Mexico.* ^«<i 

Uses of Antimony. Antimony is too brittle to be employed 
'in the unalloyed a'tate, but various .alloys containing antimony, 
along with lead, tin, or copper, arc of great importance.* They 
include hard-lead, Britannia metal, type-metal, afid Babbitt 
metal, all of which “have la-en discussed already. 

Technically important Compounds.* Several antimony 
comjlounds are used as paints and colouring agents. “ Naples 
yellow ” '8 a basic antimoniate of lead, and is used in colourilsg 
glass. '.Antimonious oxide (SbjOj) is used in colouring glass, and 
is now being manufactured in Australiri-is, a pigment.* The 
intermediate oxide (SbjO,) isusedinceratfiicsasanopacifier. ’Anti¬ 
mony compounds are likewise used in the eijamel industry. 

Othep antimony pigments’include the “golden sulphide,” 
foamed by heating the trisulphide with sulphur and sodium sul- 

* W. R. Sclioeller, Trans. Inst. Min. ^et. 27 (1918), 237. 

, • 0. P. Hul8t„ Met. Vhem. Ung. 2l (1919), 727. 

»K. S. Baatin, V.S. Jeol. ISurv. Min. RM.''(l!ri61, I, 723. 

A. Klein, J.'Soc. Chan. Ind. 41^1922), 209b. 
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^£de, so ^to obtiin Schlippe’s salt (Nk,SbS4.9HitJ), and then 
precipita*Ad^te filtered solutio|if?f that salt with acid, aAs already 
stat^ \Pftge ^i) tfiis product is probably mainly a inixture of tho 
sulphide SbS, ml free sulphur. Various basic sulphides are also 
employed in yellow and red paints. • , 

■> One of the chief ust»s of antimony Hul|)hidc is in the rubber 
indflstry, for tho nanufacture of the red “ antimony lubbcr.” It 
is partly added as a colouring material, but tlu? free sui])hur, 
and possibly some of the condiined sulphur, play n part in tho 
vulAnizB*icdi process.* 

The trisuljihide of antimony, being a readily oxidizablc substance, 
is employed in tho manufacture of matclies ; the lu ads of safety 
matches usually contain antimony suljibide and an oxidizing agent, 
such as potas-sium eldorate. 

Antimody salts are afto used as mordants in dyeing, usually in 
connection with tannin. If cotton is treated first with a solution 
f tannin, and then with a'solution of tartar emetic, the “ antimony 
. tanniite ” precipitated jiithin the fibre is capable of fixing certain 
classes of dye-stuffs, 

Antimoniais Mediciiies. In the .Middle Ages antimony com¬ 
pounds were most prized by the so-called “ iatro-chemists ’’ (doctor- 
ing-chemists), who pre.scribed them as remedies for all sorts of dis¬ 
orders. The use of metallic substances in medicine subsequently 
♦ declined, owing to tbe introduction of organic drugs ; but recently 
tho oi^ployment of antimony com|)ounds in medicine has again 

.^.iine of great importance. This is esiK’cially tho case in connec¬ 
tion with tropical dise.iscs. Bilbarziosis, a disease very pri'valent 
among the Egyptian fellaheen an(l*until recently regarifed as incur- , 
nble„ is.now Heated with success by means of antimonial preiiara- 
tions— such as tartar emetic and colloidal antimony.- Even 
sleejiing sickness, which has caused so ninch di'struction in 
Equatorial Africa, can sometimes be treated siieei'ssfnily by a 
method in which both \artar emetic and “ atoxyl ” (.01 organic 
compound of ar.senic) are used, provided the treatment is startiid 
whilst’ tho disease is still in the jireliminnry stages. AS present, 
comparatively simple compounds of antimony, like tartar emetic, 
are used. A.ttcmptr uive lately been made to preji-iie - (implex 
organic compounds of antimony analogous to-the Orgtnie arsenic 
compounds which have proved so valuable.^ Ei many cases, 
however, the antimony colhpounds have proy»d less effective than 
the corresponding arsenic bjdiii?. ^ ■? 

* B.^«W. Luff and B,,p. Porritt, J. Soc. Ckem. Iiid.M (1921), 275t. 

• H. P. Day, Lancet, gOt- (1921), 625. 

> R. a. Farther, J. Hoc. Cherry Ind. 39,(1<'20), 333k. * 
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BISMUTH 

Atomic weight . . . 208 0 

' tf ^ , 

The Metal 

'• 'I'lio lost element of Group Vn has a certain jdiysicalto^mblfence 
to antimony. Like tho latter, bismuth is a hard, brittle, crystalline 
substance, having a whitish colour and bright nu^tallio lu-stre. It 
differs from antimony, however, in possessing a slight pinkish 
tingo. It is also considerably heavier, having a density of 9-8f 
which is, howcwor, rather lower than thift of lead and the other 
metals of the same horizontal row of tho rcriodic Table, It is 
much more fusible than antimony, mehing at 271° C., below the 
melting-point of load, but above tliat of tin (232°); like antimony, 
bismuth o.xpands when it solidilh's. It b.,appreciably volatile at 
a red heat and boils at about 1,5|J0° C.; tho deiisitY .of tho vapour 
shows that it consists of a mi.xturc of simple atoms (Bi) and more 
complex molecules {Bi,^) The vaimur has a greenish-bluo tinge. 

Bismuth, like arsenic and antiTuony, cry.stallizes in the rhombo- 
hedral system ; as is usually the case with metals of Ipw melting- 
points, quit(^ large crystals are obtained when the molten metal is 
allowed to solidify. If a crucible containing fused bismutfi is ccigied^ 
until a solid crust appears on the surface, and if tbo crust is then 
pierced and the liquid portion 4ielow is poured out, the solidified 
^ portions will be feiund, when broken up, to contain well-developed 
rhombohedra. 

The arrangement of tho atoms in crystalline bismuth has been 
determined by tho'X-ray method, and is found to be similar to 
that of tho atoms in antimony.* 

■■Vthen bismuth is sublimed in nitrogen, a greyish powder, some¬ 
times doijoribed as “ amorphous bismuth,” is often obtained .wlfcro 
" tho vapour condenses.’ But this product appears always to con¬ 
tain a trace of oxygen, and probably coasiwWo^ particles of ortoary 
bismuth, the coalescence of winch is prtwented by a film of oxide. 
No modificatiop corresponding to the yello\v non-metallic variety 
of arsmic and antimony hUsuyet bcq'i reported; and, indeed, 
non-metallic charaotefs are so feebly developed in bismuth that 
this is not surprising. Like most soft metals, bismuth un^rgoes 

> It, W. James, Phil. Mag. 42 (1921). 193; A.'o'gg, Phil Mag. -iZ (1921), 
188. ’ “ 
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flight cha\^8 of pioportiea (e.g. a 8lov^*alteration*n vohimo) at 
compariSli^§[^^lov*, tompoiatujo;.; these have beeij Sscribod to 
“ a^otropic changes ” by Colutn. ^ But it apj^ara doubtful whether 
there is any alfi’trupic chang>. in the strict sense of the word. 

Bismuth is.slowiy acted on by inoisf air, becoming covered with 
hn iridescent film of oxide. If heated strongly, in the air, it is 
attacked, forming a yedhnysh funu' of (.xidi', but tne oxidation 
proceeds less n^adily than in the case of antimony. 

■pie metal stands near the noble ” end of tlie Potential Series. 
It canno,. cfisplaec hydrogen gas from dilute hydrochloric acid, but 
dissolves slowly if the acid contains dissolved oxygen. By nitric 
acid (of specific gravity 1-4) bismuth is oxidized, the sohibh* nitrate 
,being produced ; in this res|)ect, bismuth differs from the more 
feebly basic antimony, jvhieh yields an insolubh' product with the 
same acitf. More eoncentrati'd nitric acid (sj)eeifie gravity I fil) 
renders bismuth ])assiv<i Bismuth di.ssolves in hot- eoneentrateil 
8ulp''urie acid, sulifiiur dioxide being o\-olved. 

Th(' anodic behaviour of bismuth ^ recalls that of antimony, 
marked valve jiction b,-tng --hown towards many electrolytes. In 
caustic potas!*, the film iiroducvd on a bismuth anode will with¬ 
stand a ])otenfial of about oOd volts before it breaks down. But, 
in contra.st with antimony, the film ])roduced on a bismuth anode 
breaks down at a much lowin' ](o1ential if chlorides are pre.sent in 
the Tiquid.* In a solution of sodium nitrate a bismuth anode is 
attaclwd with a current efficiency of ajijiroximately 100 jier cent.'' 

Laboratory Preparation. Owing to the noble eharacb-r of 
bismuth, the reduction lo the me^allio state presents jio difficulty. 
In a wet way it is possible to obtain the meta'. from solutions of* 
■the salts by precipitation with iron or lead. The metal is also 
obtained by fusing the oxide in a crucible with potassium cyanide 
wliich acts a.s ji reducing agent, or by hcati.ig a mixture of the 
oxide and carbon, or by he.ating the oxide in a cumnt of liydrogen. 

To obtain pure bismuth from im])ure material it is iiest t p-- 
crjistallize the metal as norm.al nitrate from an acidified solution ; 
the purified nitrate is converted to oxide by ignition o,hd reduced 
by heating in hydrogijn or with potassium cyanide.* lo can be 
furthei” purifiM b^ fractjpnal crystallization of the metal fused 
under a layer of paraffin. 

A con-siderable elimination of the riorc t'asily oitidizable impuri¬ 
ties (lead, iiion, arsenic, siflphur), from crudc^metallic bismuth can 

e • • 

.‘BW Cohen, Froc. AmtL Acmi. 17 (lfll6), 1236. 

'*G. S*huke, Ann. Ph;. 2* (1907), 43. • . 

* E. t. B. Prideaux and 1/. W, Howia, ./. Soc. them. Ind. 41 (1922i. 167 t. 

^ F. Myliutmicl C*ro8chuff,^<:U«cA. Chem. 96 (1016), 2317. 
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l)c effected by the simply,expedient of melting the rn^al below a» 
oxidizing fnvc (e.g nitte, or a nurture of nitfe tJSfbdAx); foi 
the elimination of copjier, a flux containing sodium sulphicf'! if 
best. >' 

Compounds 

The chief compoundsfof bismuth coyrespond/o the oxide BijC,, 
and are analogous to the antimonious compounds. As so often 
^occurs in the last metal of each group, the derivatives of the highei 
oxide are less well developed than in the preceding tnembers 
Accordingly, the compounds corresponding to BijO^ are unstable 
bodies, and the actual existence of the oxide itself, in an anhydrouf 
state, seems rather doubtful. On the other hand, wo find a cer 
tain number of lower compounds eorrespejnding to tbo oxide BiO; 
which have no counterpart among the compounds of antimony. 

A. Compounds of Trivalent Bismilth (Bismuthous Com¬ 
pounds). „ 

Bismuthous oxide, BijOj, is formed ^y heating the metal in 
the air, or by igniting the carbonated or nitnatfd; th» “ hydroxide,” 
prepared by precipitating a bismuth salt with a caustic alkali oi 
ammonia, gives up its water on being heated and yields the anhy¬ 
drous oxide. The anhydrous oxide is yellow, but the hydroxide 
obtained by precipitation is white. Cubic and rhombic forms ol 
the oxide are known, which are respectively isomorphous’to the 
two forms of antimonious oxide. 

Bismuthous oxide has marked basic properties, dissolving ir 
, acids with the foripation of salts ; on the other hand, it has scarcelj 
any acidic character, and is insolulflo in alkalis. In these lespocte 
it presents a contrast with antimonious oxide, which ir only feeblj 
basic but shows the jiropeu-tios of an acid. The so-called “ hydrox¬ 
ide ” produced by precipitation of bismuth salts by alkali alwayt 
eon^iiins basic salts. It is, curiously enough, redissolved by alkal: 
if ^yccrol bo present; the action of glycerol seems to depend u^r 
, the formfct'on of eomplox organic salts containing the metal ir 
the anion,c sofhowhat analogous to the complex tartrates former 
by antimony. " >« • 

Bismuth, salts are formed when the oxide is dissolved in acids 
^ or when the metal is treated with oxidizing acids. Unlike th< 
corresjfonding antimrijy compohnds, th6' normal salts of oxy-acidf 
atb easy to prepare in the solid condition, and, although hydrolysed 
upon the addition of pure water, fan easily be brought into %cle^i 
soiution by the'presepce of a little acicJ.'^-But the tendency tc 
hydrolysis is still'important, and, if the solution in acvd bo diluted 
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^ Wh pure .water, a.cloud in formed, whi*li udicate*tho formation 
of an ii*8';'SPile bi^iio salt; .in contrast tt> the coiTosponding “ anti¬ 
mony clouds,'' the basit salts of bismuth Vc not- dissolved by 
tartaric acid. », , ' 

Bismuth nititte, BifNOjlj.hHsO, is a deliquescent, eolourless 
• crystahiho body obtained when a solution of tl*e metal in nitric 
adld is evaporated. When its solutinn in (^jlute ititi i jieid is ])ourod 
into a largo volume of wSter, a basic nitrate is produced as a 
white precipitate. The composition of the basic salt usually 
a^proxim&tes to the formula Bi(()H)jNO, or [BiOJNOj.HjO, but 
it varies according to the e.xaet conditions of formation ; in fact, 
if sufficient water and suflicient time be allowed, hydrolysis con¬ 
tinues until finally tho hydrated oxide is left. The basic nitrate, 
as usually produced, contains, no doubi , a number of basic salts, 
and posftbly some of fho iiroduets described in chemical literature 
as “ basic nitrates ” really consist of hydroxide with adsorbed 
bismuth nitrate. The malt mentioni'd above can, however, be 
obtained in well.defiued crystals and is probably a chemical indi¬ 
vidual. The ba.sie m^eates are dissolved by acids, normal bismuth 
salts being ,^'rodueed. 

The chloride, Bi(^l,„ is formed when the oxide is dissolved in 
hydrochloric acid. ()i» evaporating the solution, the excess of 
water first evaporates idf, then the anhydrous chloride, begins to 
didtil, nigl may bo condensed as a white solid in a cool tube. The 
santfe substance is formed on passing eblorine over gently-warmed 
' ismuth in a tulie. It melts at 227 '('., and boils between 400" 


and dSO" 0. ; tho l apour-density indicates the existence of normal 
molecules BiCl,. The substance dissolves withoqj; change in a 
smay quantity of water ; but, if the solution rie diluted, hydrolyeis 
occurs, and the insoluble basic chloride is formed. Tho latter 
body, usually known as “ bismuth oxychloride,” has the composition 
[BiO]Cl. It is probably a true chemical individual (“ bismuthyl 
chloride not a imve adsorption |)roduct, since it ea>l bo obtained 
in well-developed crystals. These are best form-d liy ili-b-j^ng a 
broiling solution of bismuthous oxide in hydroehlorie acid with 
boiling water; the liquid is filtered and allowed to ejool, alien 
cplgip-less 1^‘tragpnahcrystals separate.* ' * 

The insoluble salts of bismuth, such as the white phosphate 


and arsenate, arp formed b^ double. di^cdmposi'ifTn in tho usual 
way; when ammoniqpi carbonate is added to a bismijth nitrate 
solution,- the basic carbonate is produis^l as a white preeijntate. 
^e sulphide is obtained*bi? passing sulphuretted hydrogen through 
a 'i4Bmuth salt fn'ution acidified with hydrochloric acid; it is a 
^ * A. de SchulUji, BuU. Soc, Chim. 23 (1900), 156. • 
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dark brown pfAsipitatfi, al»iost insoluble in alkalis and in ammonium 
sulphide, bjt apprcciab^jf'soluble^U a hot solutionssi^fcftassium 
sulphide. , * * * « *' t ^ 

Bismuth iodide, Bil,, is another .rather Spaijigr^ly soluble salt 
of bismuth and ^ is obtained as a brown proci^atate by ^dding 
potassium iodide to a bismuth salt solution, or as a grey cfystallifte 
sublimate by«hoafing bi,<jpmth and iodine togetl^pr. ** 


B. Compounds of Tetravalent and Pentavalent Bismuth. 

‘ When chlorine is pas.sed into a suspension of bisriiuthous 
“ hydroxide ” in a boiling solution of caustic potash, the white 
colour turns yellow, red, or brown, and a mixture of more highly 
oxidized compounds is obtained.* If the alkali is (blute (specifio 
gravity 105 to 1-35) the main product is ^he oxide BiOj, which 
may be se])arated from the unaltered lower oxide by treatment 
with nitric acid ; the oxide is dark brown in the anhydrous con¬ 
dition, but the hydrate BiOj.HjO is yellow. Wlicn the alkali 
employed is concentrated (specific gravity I f to 1-6) the principal 
product is potassium bismuthate (KBrOj^, and by treating tho 
mixture with nitric acid, it is posaiblc to obtain bin.iuthic acid, 
HBiOj, which may be regarded as a hydrated form of bismuth 
pentoxide (BijOs). Few of these bodies itave been obtained pure. 
A method of obtaining sodium bismuthate in a state of moderate 
purity is to dissolve the impure bismuthic acid in (iO •|)cr emit, 
hydrofluoric acid, and then, after cooling the solution to 0° (^., to 
add normal sodium hydroxide drop by drop.* The yellow precijli- 
tato thrown down is sodium bismuthate, and, after a small amount 
of w'ashing, hffe a copiposition approximating to NajO.BijOj.nHjO. 

A dry method of preparing sodium bismuthate consists in heating 
sodium hydroxide and bismuth nitrate together and adding sodium 
peroxide. The fused jnaas is allowed to solidify, and is ground up 
and washed with water. The product is by no means pure.* 
Sodium bismuthate obtained by this method is often used in the 
analyftcal e.stimation of manganese. 

^ , * 

(5. Cpmpoupds" of Divalent Bismuth. 

When bismuth basic oxalate is heated,,a darit residufe olliohi- 
position BiO«-is obtained; this is generally considered to be a 
“ suboxide.” An alternative, method of obtaining the “ snb- 

* Deichler, Zeitsck, Anorg. Chem. 20 (1§98J, 81. A useful table showing 
the eSect of variation of the conditions upon fhe product obtained is given 

4 on page 102. f 

*Ot Ruff, Zeitxh. Anorg. Chem. 57 (1908), 220. f ^ ^ ♦ 

* J. and H.'Ramage.^ Tran^, Soc. 67 fl896), ^,68. 
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(^ide ” is ity the partial reducing action atiftinous %fil(irido on a 
bismuth #htorid» soljition contaifiipg cauafic»aI^nJi. Sonjo anthori- 
tips,'consider tffat tho aoifalleft suboxide is iiuToly n i\>ixture oh 
'bismuth and bii^mthous oxide (BijOj). Otheis^ argue that it 
must be,a de§nite''jomi)ound, since th* dcnsify (7;0) is not equal 
to the calculated density of tho mixture (S !l) ; the density of sub- 
stMices varies, however, so much with the^* mode of >,reparation, 
that this argument’is not conclusive. It is, liowov(‘r, also stated ’ 
tha^W'hen bismuthous oxido is reduced to thi' metallic state by 
means oticifi’bon monoxide, and the progr('ss of tlie reduction is‘ 
plotted against the time, the curv(' shows a break at tho point 
corresponding to the composition Bit). 'I'he existence of the sub¬ 
oxide, although very probable, must not be regarded as definitely 
proved. 

By tho Setion of inetTiyl iodide vajiour on tlie “ suboxide ” at 

• about 2®)° C., it is jai.ssible to obtain red crystals of tho iodide, 
, 1 , Bilj, which, Iwing volatne, sublimes forward in tin' current of 

• methyl iodide.'* A noij-volatib' basic iodide, 2BiIj.3BiO, remains 
in the reaction vessel. • 

’* • 

Analytical 

All bismuthcomp<amds\eated with carbon before the blow-])ipe 
gire^a brittle white bead of the metal, together with a yellow 

• incrusjatinit of tho oxide. Bismuth salt solutions give clouds of 
basic salts when diluted with water, and these clouds are not 
dispelled by tho addition of tartaric aeiil. 

A good method '* for the detection of bismuth in minerals depends 
upon tho formation of tho brown iodide. The substance to be, 
testwl is heated with cuprous iodiih- and sul|)hur upon a bright 
aluminium plate. If bismuth is present a brown sublimate will bo 
seen upon tho white aluminium ground ; verj’ small quantities of 
bismuth can bo detected in this way. A sublimate of ioibne (which 
might bo mistaken for Rismuth iodide) will not appear i; tho y’ate 
is Seated before commencing tho teat, ’ 

Tho separation of bismuth from other metals is rather a long 
operation. The metal is one of those thrown down by svlpl uretted 
. hydrogen iirtlfe pwsened^f hydrochloric acid. From the mixture 

• 

* F. Treubert and L. Vanino, Zeitxh. An4il. Ghcm. 53 (Ui»4), /564. 

* S. Tanatar, ZeUscJi. Anorg^'hnn. 2'^(ll01)» 437 ; W. Uerz and A- GuU- ' 
^ xnonn, Zeitscht Anorg. Chem.%^ (190"), 64; W. }i§rz, Zeitsch. Aual. Okem. 

54 103 . ^ ' • 

• By F. J. BrUlee, Pyk. ChcnhUoc. 23 (1907), 286. • • 

e. Deniiam, Cfmn.9Soc. 43 (1921), 2367. 

• W. M. Hutchingau'^ ''let;4ribed by Sir W. Croohel in * Select M©thod^*af 

Chemical An|)yais" (Iiongmans^ ^ ' • 
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of flulphide^itobtainud, tiie sulphides of tin, %htimony, and arse'hjp 
are disso^yed out by fhe actioi^ pf ammonium suiphi^® Of the 
remaining ifulphides only those of bismuth, copptr, cadmiumr' and 
load are soluble in hot dilute nitric ^cid. The is first removed 
from tho filtrate by precipitation with sulphiyiic acid jin. the pre¬ 
sence of alcohol). Subsequently the liquid is lusarly neutralized 
with ammonia and treated with cxce.ss of ammonium carbdhWe, 
which pr(!cipitatca the'bismuth as a'basic caPbonatc on warming, 
but leaves tho copper and cadmium in solution ; tho separation 
is, however, incomplete, and it is necessary for aocur&tq, wor'fc to 
rejx^at tho precipitation. 

'fhe precipitate may be gently ignited, and weighed as the oxide 
BijO,,. IVecipitatcs containing bismuth should never bo heated 
strongly in jiorcelain crucibles, as they an; likely to act as fluxes 
for the glaze. 1 ‘ *' 

Alternatively the precipitate may bo mixed with potassium cyan- 
iile, and heated ; bismuth is reduced tosnetallic form, and solidifies 
on cooling to a button, whi(di may be taken out and weighed. 

/Vnother method for the separation of ^bismuth from a solution 
cfintaining copper and cadmium ^epeiiijlfc on the ehjjtcolytic deposi- 
tioTi of the bismuth, with the proper control of the cathodic poten¬ 
tial.“ In order to seiiarate bismuth xrom cadmium a solution 
containing nitric acid and tartaric acid should be usid; in such 
a solution, if the potential at tho cathode is kept within Certain 
limits, it is possihh! to avoid the deposition of cadmium ahUig with 
the bismuth. In the separation from eoppr, the solution sWuld 
contain potassium cyanide, as well as sodium tartrate, sodium 
hydroxide,,and formaldehyde ;*the cyanide serves to prevent the 
di'position of cop})er at a ]>otential which is sufficiently dj^pr^od 
for the complete precipitation of bismuth. 


, Terrrsteial Occurrenok 

« 

Xho goo-cliomistry of bismuth is generally similar to that of 
arsenic and antimony, but, ■owing to the more “ noble ” chfirsditcr 
of bismuthr it is quite commonly found in mineral veins in the ele¬ 
mentary Cbndition, as reticulated or arbqjjpscent growths of native 
bismuth. On tho other hand, the sulphide ®tiown & *“ 
Bjsmuthinito (Bismjith glance), Bi,Sj 
often occurs in soft Jead-grey fnasses, which may he yellowish or 

* W. W. Scott, " Standard Methods of Cltomical Analysis " (Crosby Look- 
wood). t ^ • 

H. J. S. Sand,5oc. 91 (1907),^7^','’^A. Fischer, 'bElektro- 
analytisohe Sclmelhnethodony (Enko). , * 
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jndcBcent owing to ternish. Bismuth mfcieriils are t/^ty generally • 
mixed >tith (JDlier metalliferouB j^iineralS, jind indeed jertain ores 
of ^n, tungsten, lead, siUvr, copper and cobalt actually^constitute 
the most important practical sources of bismuth. In the oxidized 
portion^ qf ^isn/rfti ore deposits, thc.eaithy, stri^w-coloured 
* ^ ^ Bismuth ochre . . . ^ijOj 

occurs. . , 

The principal ores of bismuth are found in the tin-mitiing dis- 
Iriits of Bolivia, where the bismuth minerals are intimately mixed 
with coiupounds of tin and other metals. Certain copper ores in 
California contain notable amounts of bismuth. Home of tho tung¬ 
sten or(W of Southern China are distinctly hismuthiferous, whilst 
, considerable deposits of bismuth minerals—often asscH'iated with 
tungsten-occur in Qg^ensland, Ncuv .South VVahw, and Tasmania. 

Outside the I’acitic circle, bismuth is to be found in many cobalt- 
mining districts. The comple.v ores of the Temiskaming district 
*of Ontario, whicli contain cobalt, nickel, arsenic and silver, also 
contain bismuth, oftc*, like the silver, in the native state. Bismuth 
is to be found in som> of the mines of .Saxony and Bohemia; in 
fho .Saxon itr.nes the,bismuth s partly present in the elementary 
condition, and partly as sulphide (onsiderable fpiantities of 
bisinuthiferous ores .al.o occur in Spain, Khodesia, and fndia. 

In some eases where small amounts of bismuth occur in the ore 
vif another metal, it exists -at least in part—within tho same 
erysfals as the second metal, 'thus bismuth ap]H‘.ars to be capable 
orexisting in galena crystals, app.arently in a state of solid solution. 

• 

-VlET.M.i.mmv xfii) CsKs 

• 

The exiitenee of bismuth in the ore, of another metal—instead 
of adding to the value of the ore—usually detriuds from it , since tho 
presence of bismuth in the metal obtained by smelting such an 
ore is liable to cause*mechanical weakness; for in'-1'.nee, copjjer 
containing a mere trace of bismuth suffers from pionoune'-fe’^tor- 
graliular fragility. i 

Consequently tho separation of bisnnith from the ytlji!-ipal mettfl 
iruthe. orj) mus^ peifbrcc, be carried out at some state in the 
metallurgy. In tho ca.'lfc of tho ores of tin and tunfjsten, tho bis¬ 
muth—^which occi'ss in distiitpt minerals—is separated from the 
cassiterite or wolfram in the ja-.'liminary^ore-dressipg aperationl 
Consequently, a great dcaj o^ “ bismuth concentrate ” Is pnalyiced 
^in^livia as a by-product of the concentration*of the tin ores 
minjfl in that co'.' ffry, whilsf smaller q^asitities are produced in'* 
Australia^nd Tasmania, ^s well as iq the tangsten-mining region 
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of China, the «the* hand, where bismutfi oocure-in the orej 
of copper,jlead and silvdr, bismyiyi is usually allcWed,tl> remain 
in the niet^lfmtil the last stage of smeltii^, and is fftially eliminated 
when the metal is refined. The anod® slimes f ro^ij^od in the electro¬ 
refining of copper, and those produced in th/BetJs pleptrolytic 
desilverizing process for lead, are often rich in bismuth,*and fdrnf 
an important softrcc nt^the metal. ^ 

Production of Metallic Bismuth from Concentrates. The 

bismuth eoncentratiis from Bolivia, China and Australia are shifted 
'partly to England and partly to the United States for Smelting. 
The bismuth occurs largely as sulphide, although it is already 
jiartly in the elementary condition. 

The convw'sion of the crude sulphide to the metal is carried out, 
in a reverberatory furnace. 'I'lic .sulphiije is subjected first to 
oxidizing conditions until partly converted to oxide, wTiich is, in 
the second stag(\ reduced by carbon. Iron is oftim included in the 
charge—no doubt to remove residual suljihur; and fluxc.s, suah as* 
sodium carbonate, as well as lime and iron<)xide, have usually to 
bo added so ns to produce a slag having a eoRveniently low melting- 
point.^ An unduly high temperature eausesjosses lHf»',olatilizatioti 
and should be avoided. 

Where-- as is the case in (au'tain eoneentrates treated in Germany, 
derived from Saxon and other eobalt-ore.s—the bismuth exists 
mainly in the metallic (ioudition, it can largely b(3 separated by a 
simple liquation process ; but even tln^re it is stat('d that the tiqua- 
tion prn(30ss has, to a large extent, been abandoned, as it fails^o 
remove the combined bismuth. 

All bismuth obtabiod by thernlal prewesses is very impure, and 
may contain lead, arsenic, antimony, and copper. A good deal of 
p>irification can bo cffecteil by the liquation of the crude product, 
and a further amouqt of arsenic can be removed as the volatile 
oxide by melting untler oxidizing conditions; under more drastic 
treatment (o.g. poling) antimony also caif largely be removed. 
Wh(r%' bismuth of fairly high purity is desired, however, it ^ 
prc^ferablo to use the product obtained from the electrolytic ISad- 
refinery.' „ ' 

Production of Metallic Bismuth ^ffom vAnbdfc SRinfes 
derived from the Electrolytic Refining of Lead and Copper. 
,A large proportion of the bismuth manufact'iu'ed in America is 
derived from the anode slimes obtained 'in the Betts process of 
desilverizing lead.^ Irr fact it is largely due to this separation of 

‘ A. T. Ward, Min. Ind. 28 (1919), 68.i ^ * 

*Ji M. HiU, U.S. efeol.-S>irv. Min. Res. (1918),3rfc5; J. B. Umplaby, 
V.S. Oeok Sun Min. Res. (191J), I, 29. 
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from the l|{i.d that the Betts pnpces* is aH» to compete 
with th» farte process, whic|j is ohea^r^ to concUcI, but which 
leaws much ofttKe bismuth ifl tlio lead. ' • • * 

The anode, sli-ues cdhtain bismutli, antimony, arsenic, silver, and 
traces of gold, a^b'cll as residual lea^. Tlioy arc lirst treated in 
« suitabic manner to remove tla^ more oxidizaldo constituents, for 
iilbtSincc, by fusion with a mixtiire of sodiuiy liyiirtixide and sodium 
oarljonate—a mctlftd wliicB removes arsenic and lead; if much 
co^er hi present, sodium sulphide is added to the melt in order 
to remqjic'that metal also. 'I’lui residue, eon.sisting mafnly <4 
bismuth (94 per cent.) with silver and gold, is east into slabs, 
which are made the anodi'.s in a .second clceti-olytic r('lining process 
carried out in porcelain tanks. The electrolyte consists of bismuth 
chloride solution ke|)t clear wilh an exee.ss of bydroebloric acid, 
and the flSthodes are df grajibiie, or—in some relinenes- of pure 
bismuth obtained from a previous ruii. itwiiuth is dissolved at 
•the^anodc and deixisitviK on Ibe cathode, whilst the more noble 
metals gold and silver are left as anode slimes. If a suitable 
current density is us(!(T,thc cathodic deposit is \c,iy fairly laue, and 
(jonsists ofJi'^utiful dendritu! <-rystals of bisuiutli, which may bo 
detached from the eatlmde fnun time to tinu^ and melt(>d down ; if, 
however, the .solution livcomes locally dejdeted of bismuth, or 
if it is not sullieieutly acid, the depo.sit is black, sjnmgy, and 
usclbss.’ , 

Thb anode slimes are usually eatight in ])orous bo.ves which 
S'wouncl the anodes , they arc wasbed with hydi'oebloric acid to 
remove bismuth atul antimony, and are then melted down to give 
a crude .silver-gold Ijullion, < ^ 

Th^ recovery of bismuth from tlu^ anode slitnes obtained in thj 
copper refineries - is of miudi le.ss importance, tmt nevertheless 
furnishes an appreciable jiart of the world's sujiply of bismuth. 

Alloys of Bismuth.’ Bismuth has no uses in the unoombined 
state, being altogether ti«) brittle. 'J'he alloys of bu.muth with 
jifber easily fusibh' metals- although not jtossessing specially good 
mechanical properties—are of value in possessing remjrkably low 
melting-points. If we. alloy bismuth (.M.l’. 270‘'/>with lead (M.P. 
33J°)jin BUit«ble^rrop«tions we can get a eutectic mixture melting 
as low as 127° C., far betow the melting-point of either pure metal. 
Similarly, if we alley bismuth.with tin (M.P. 23^°) in the eutectic 
proportions, an alloy raclting atr 133" C. is^obtained; the eutectic 
of till and lead melts aliont 182° C. But by alloying bisirjuth 

‘ A. Mohn, JJtecfrwACT*. Ind. 5 (1907), 314. 

« L. AdSSjlr', Met. Chem. liny. 17,^(1917)i 169 

’ See Slso A. T. Ward, Mm. Ind. 28 (1919), 61 
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(62 per cent,^,tin (Kiponcent.), and lead (32 gSr cent.), we can g6t 
a “ ternary eutectic,” meking at a jtill lower tempcialuM,»namely, 
96° C.^ IjSwer tharf ttis, we oantiot go witH only tnese tliree 
metals; bSit by adding a fourth metal, cadmium, still more fusible ' 
alloys can be arrived at. Numerous alloys are Igmwn melting well 
below 100° C. VM these. Wood’s metal, containing *50^'per cant.* 
bismuth, 25 jicr Vient. Jead, 12-.5 jier cent, tin, and 12-6 per c6ift. 
cadmium, may bo mentioned; it melts about^l° C. 

Alloys of this kind—designed to melt at specified temperatures 
—are used for the fusible plugs which operate auteip^tio ISre 
sprinklers, alarms, electric cut-outs and the like. They are occa¬ 
sionally used for obtaining easts of objects which would be destroyed 
if brought into contact with an ordinary fused metal. Dismuth 
amalgam has been employed in dentistry. * 

Many bismuth alloys e.\i)and very (S)iittidoral)ly—aij*does the 
metal itself—when tlnsy solidify. These alloys are oecasionally 
used by j)rinters, in the place of ordiiury type metal, where a. 
specially clear impression is needed. 

Uses of Bismuth Compounds. Certain salts^ of bismuth, 
notably the basic carbonate, are ^ery largely use(t.'u medicino. 
Apart altogether from the specufic medicinal value of the salt, 
large cpiantities are consumed in conneetirtn with the X-ray exami¬ 
nation of the stomach and tt'so|)bagus. Owing to its high atomic 
weight, bismuth is nearly ojiaque to X-rays, if a |)atieRt is gfven 
a ‘‘ meal " containing bismuth carbonate or basic nitrate, a\id is 
then examined by means of the X-rays, a “ shadow ” will be thrOWn 
by the bismuth salts in his stomach on to the screen or photo¬ 
graphic platof which will serve to flidicate the shape of the stomach 
ilnd may provide valuable information regarding the presescc.of 
ulcers. Similarly, in the examination of the cesophagus„(gullet) it 
is possible for the doctor to watch the passage of food (containing 
bismuth) elown the msophagus, by means of the shadow cast upon 
the serwn; thus any obstruction present* can be detected and 
inveflfSgated.2 

“ Bismutb ointment ” is a well-known hoasehold article, whilS; 

“ bismuth-anH-iodoform pa.sto ” was much used in the war for the 
troatVnent o^ wounds. ^ ^ r 

Other bisniuth compounds are used in the ceramic industry, as 
an ingredient in pertain glazes, wlych they render easily ftisible. 
‘Bismuthds likewise used in the'painting oftporcelain and the stain¬ 
ing ^f glass. One metliod of gilding p^orcelain after if has been 

» a Cha^y, Complr.t Kotd. 126 (1898)i 1569. * * * 

‘ Srveral pupera n^ardkijz the use of bismuth 4^f('*ray work appeared 
in the Med. J, (1008^ li, 711-710. See also Brit. Mid. J. (1914)^ 246* 



BISMUTH 


gjJaW consistR in applying with a bruaii a 4 >aiiit cont»hiing finely- 
divided bismuth basic ivjrate aiuf Ijorax, auspmided in a 
suit^le oil-mp(|iiin * On o«nii>a1’afivcly gentletiSrningth*' bismuth 
bait it'nd borax fusj'^and thus ‘‘ fix ” the gold powder to the glaze 
pr(>per. ^The ^okfS^after burning, is pnly dull, but it may be 
brightened^y burnislwng with agate or even with*line sand. 
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Alaska, 44, 113, 117,234,318 
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of gold, 123 
of load, 270 
of mercury, 173, 191 
of silver, 93 
of tin, 244 

Aluminium, as precipitant for silver, 
88 

as precipitate for gold, 121 
bronze, 72 

effect on brass, 0t>, 01 
use in galvanizing, 139 
Amalgamated plates (for gold-catch¬ 
ing), 115, 118 
Amalgams, 173, 191 
Ammonia leaching, 44 
Anaconda, 20, 25, 29, 32, 304 
Anglesite, 140 
Antimonic compounds, 313 
Antimonious compounds, 311 
Antimony alloys, 245, 270, 322 
analytical, IW6 
oompouni^, 311 * 

explosive, 309 
glance, 317 
rnetal, 308 

metallurgy, 318 * 

terrestrial (jccurronco, 317 
uses, 322 
Arg^t»l3, 84 
Argyrodite, 206 
Arizona, 20,13^ 32. 40, 41 
*Arsonatefi, 298 • 

ArseAic, analytical, 300 
compounds, 295 
effect on brags, 62 ^ 

effect on copper, 63 
effect on lead, 276* • 

element, 293, 306 i, 
iixfood, 300, 307 
twhnolog^, 304 
terrestri^ occurrence, 802 
us«a, 305 ^ ♦ 


I Arsenic, white, 296, 304 
I Arsenides, 299 * < 

1 Arsonites, 297 
Arsoruous compounds, 295 
Arsenolito, 303 
Arsonopyrite, 303 
j Atoxyl, 300 
Azunte, ^0 ^ 

Babbitt motals, 240 
l^aghouse, 2(i7 
Bankar234 
" Banket,” 112 
Basic wlut^ h'acl, 280 
Bearing mHtal (plasti*' bronze), 72 
(white), ^40' , •' 

Belgian retort-s, 148 
Boll metal, 70 
” Best solwtod ” copper, 37 
Betts’s process, 27! 

Billiton, 234 ^ 

Bifichof process, 285 
Bismuth alloys, 333 
analytical, 329 
compounds, 326 
effect on braas, 62 
effect on copper, 53 
glance, 330 
metal, 324 

metallurgy, 331 * 

native, 330 
ochre, 331 

terrestrial occurrence, 330 
uses, 334* 

Bisrauthinite, 330 
Blast-furnace production of ^n 
mony, 322 
of copper, 28 
of lead^67 ^ 
of tin,238 i * 
Blister-copper, 36 
“Blue powden” 149,162 
^Bolivia, 85, 233, 318, 331 
Bomit^iS 
Br^, 67 

Brigh^ning bath, 94 
Britannia metal, 246 
I Brochantit^ 20*' , 
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Broken HiU. 85.142,443, 144, 146 

• Bronzy (tin), 68 * 

% 

Br«wn goJ,ci, 103^ * 

“ Burgundy mixture,” $5 
Butte (Montana), 20 

» Cadmiumf anflyticai%^7 
, (ipmpounds, 166 
^ect on braes, 62 
effect on copper, .'>•5^ 
effect oA zinc, 164 
cnetal, 1^5 
techmdogy, 169 
terrestrial occurrence, 168 

* uses, 170 
Calaverite, 111 

California, 86, 113, 117, 185, 187 
Calomel, 176, 191, 192 
Carbon auo^, 41 ^ 

CarnucbaeTaJrtulfoid pj ocess, 200 
Cossiterik', 231 
Cement co])per, 43 
*Cofjf«itiO, 140 
Qiali.anthite, 20, 21 
Clialcocitc, 20 
Clinleopyrite, 1^8 

Clamber i)tucofe- 'nforVh;,k- lend), 2^1 
Cl^aroal aa jirceipitant for gold, 121 
Cbloanthit-c, 303 b 

Chloridizing roastmg, 43, 44 
Chrome yellow, 290 
I 'hffquicaivAta, 20, 37, 38, 39 
Cinnabar, 185 
Claudotito, 303 

Cdrtl-dust ill copper Hmeltiiig, 32 
Cobaltite, 303 

Cobalt-silver ores, 85, e.», 303, 305, 
331 

Coiiia|[ 0 , aluminium bronze, 74 
bionze, 72 
gold, 12» 
silver, 96 

Cold-working, effect on 4-nppor, 52, 53 
effect on zinc, 127, 154 
Colloidal gold, 103 
mercury, 173 
•sitver, 78 
^ stannic acid, 224 
Colour and variable valency, I 
Ct^deosation ^ mercury, ^87 
of zme, 149, 15^ ^ 

Cond^^r-tubes, corrosion, 64 
ConvOTter in copper-smelting, 33 ^ 

Copper, alloys, 66 ^ 

anal^ictd, 15 r 

compounds, 6, 65 ^ j 

y gonductivity, 63, 54 

matte, 30 ^ ^ 

ma^ as coUect<V^^ sifver, 86, 89 


• • • • 

Copiiejg mo^I, 2, 52« 
met^lurgy, 22 *' 

plallinff, 51 • 

refining, 8lA*trolytll,*44 
refining, thermal, 35 • 
terrestrial occurrence, 18 
uses, 53 

'■ Coppor-clud ” iffoel, 52 
Coring, 57, 71 , 

Corrosioifof brass, 6* 
of cofijier, 3, 54 
of lead, 248. 249, 274, 275 
of tin, 220, 240 

of zinc, 128, 158 ' > 

(‘orrosivo Hubhnmtc, 178, 191 
Covellito, 20. 21 
Crocoito, 141, 260 
(VnokoHik', 206 

{'rnw<' vacuum process (gold), 121 
1 '■ Crude nniritnony,” 319 
j ('rypk)rtH‘t('r, 288 
j ('upcllid ion HI uiudysis, 83, 110 
industrud, 270 
Cupric eoinjiounds, 7 
Cu[>nte (inuK'ral), 20 
Cui>rite.«} (salts), 7 
('uprous compounds, 12 
Cyunidmg of sdvor ores, 88 
of gold ores, 119 
(’zcrmak-S{)irck furnace, 189 

Do Lave! process. 151 
■' Delta metal,” 60 
DtHixidizcrs for copper, 36, 55 
Desilvenzation of load, 268 
” Di'zmcilicatiou ” of Muntz metal, 
68 

Dtslillalion of cadmium, 169 
of mercury, 186 ^ 

of zinc, 14'/ 

Doit thickener, 38 
Drcilging for gold, U6 
Dross, 161, 241. 269 
Dunron anodes, 39 
Dust (metallurgical), oiscnic re» overy 
from, 304 

cadmium rcc(»very friun, i.'i9 j , 
in cofipor-Hiiicltii'g, 30 
in lea^l•8Tnelbira■, , 

Dutch process (foi- white If'nd), 282 
Dwight-Lloyd sintenng pi-oce#i, 30, 
147, 265 

T 

Electric calarniAp, 1 'I 
lillectroanalytical estimatir^ of co 
per,»?6 
of load, 259 
of mercury, 184 * 
of silver, 83 
of tha^ffim, 206 
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Eloctroanslytic^l estimation of tin, 
229 • • • 

of zinc, 137 « * 

Eloctrochom^Mll protatton of con¬ 
denser #abo8, 67 
view of brass corrosion, 66 
Electrolytic parting of gold-8i|vcr 
alloys, 91 ' 

precipitation of gojd, 122 
production o( bismuth, 3*12 
production of copper, 37 ^ 
production of white lead, 285 
production of zinc, 155 
• recovery of tin, 244 
refining of cojtper, 44 
refining of lead, 271 
refining of tin, 240 
Electroplating with C()p[)er, 51 
with gol<l, 123 
with load, 274 
with silver, 93 
w’ith tin, 242 
with zinc, 161 

Eloctrotheniial production of zinc, 
150 

Electrotyping, 51 
Emerald green, 55 
Emulsions, phot-ographic. 9S 
Knamols, tin oxide in, 244 
antimony oxide in, 322 
Enargik), 19, 303 

Englisli jiroceaa (for antimony), 320 
Erzgebirge, 85 

Fauro accumulator [ilates, 278 
Films, pbotographic, 98 
Flotation, 25, 89, 143 
Fluoapatitc, 231 
Fluorite (fluorspar), 142, 231 
Pranklinito, 141, 155, 11)3 
Freiburg (Saxony), 85, 206, 207 
Fulminate of mercury, 180, 193 
Fulminating gold, 108 
Fusible white procipitatef, 181 

Galena, 139, 140 
Gallipm) analytical, 197 
compounds, 196 
extraction fr<mi ores, 206 ^ 
historical, 198 • 
metal, 195 * 
toirestrial occurrence, 205 
Galvanized 11^^158 , 

Germanium, analytical, 216 
compounds, 213 
extractfon from ores, 200i/,216 
nvtal. 212 

torre8tria\occiuvenoe, 205 
jjGilding metals, 124 

poilielain, etc., 123,*334* « 


Gold, analytical, 109 
compound#, 105 
• metals, 103 ^ 

•metaUurgy, Ifd - , • 

parting frpm silver, 90, 110, 12# 
l){ating, 123 

tfjrrestrial occurronco, 110 . 
uses, 123 * * • 

“ Golden suiphido ” of antimony,^31^, 
322 , 

Golffichmidt fTi'ocnsa (tin recovery), 
243 

Grain-size of copper tUloys, effect of 
iron on, 62, 74 t 

of photographic emulsions, con¬ 
nection with speed, 99 
of zinc, 127 

Gravity s<;paration, 25, 113, 143, 235 

Groorioiikiks 169 

(luiimetal^Tl 

Gutzeit kwt for arsenic, Soi 
llard-ht^id, 239 

“ Hard lead," 276 * 

Hardi'iiers for load and pewter, 245, 
273, 

\ IlnydiMi system (eop^Ttr refining), 49 
lieaiihs, ahyllow (leirl-sfiielting), 261 
Hegelor rousting funuiec, 146 ^ 

HemimoiqThite, 141 
Kerrenschmidt process, 321 
Hiding power of pigments, 288 
High tenacity brasses, 59 * 

Horn silver, 85 
Huelva, 21 

Himtingdon-Hoberleln pot-roasling 
I process, 265 
Hydraulic mining, 117 
'Hydrides, genera], 210 

of antimony, 315 , 

of arsenic, 299 
of germanium, 214 * 

of tin, 227 
of lead, 257 

Hydrogen, effect on copper, 53, 65 

t 

Impurities, effect on brass, 62 
effect on copper, 52 . • 

effect on zinc, 154 ,. 

Indium, analytical, 200 
compoimds, 199 « d « 

extraction fronAores, 2^6 
metal, 199 

.terrestrial oo«‘urronce, 206 ^ 
^Induction period (zinc corrosion), 128 
InfusibUi white precipitate, 181 
Iron, ^ect on brass, 61 
effect on aluminium bronze, 74^ ^ 
tprecipitatinn process (for copper), 
42 ; >■. * 
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Jig, 25 

Joplin, 141 * . 

Lolkt^ Supofior cop|Kjr, 21, 44'' 
Ijaezczinski proceas (copper), 41 
Leaching processes ;or copper, 3'/ 
for gc’d,«119« ^ 

for silver, 88 
*fo^zinc, 15fr 

Le^, accumulator, 277 ^ 

alleged allotropy, 25f» 
alloys (general), 270 
alloys witli tin, 244 
analytfcal, 258 

as anode jnnteriul, 41, 42, 274 
as collector for silver, 87 
comixiunds, 251 
concentration. 143 
flosilverlzation, 2(58 
effect on ’*ass, 02 • 

effect on zinc, 154 
employment m bronze, 72 
► hard, 270 • 

tnelal, 248 

metallurgy, 2(30 ^ 

})igincnts, 28g • 

^plating, 274 
refming, 208 • • 

t^^stiial oecurreuee, 138, 2(50 
uses, 273 * 

Leaded zim* (pigment), 103, 287 
Lt'ft(ly rcKulucs, 150, 103 
Leaf liltcrK,* I2(i 
LcpiAlite, 231 

Lig|yl. action on copficr salts, 15 
action on mercury salts, 170 
aiition on silver salts, 80, 90 
action on thallium sail- 203 
Liquation of tin, 239, 241 
of arJtimony ore, 319 
[litharge, 252, 287 
Litho|K)ne, 164, 170 
Lorandito, 206 
Luargol, 306 

Vlagnetic separation, 143 
tfAgpetite anodos, 39 

S alachite, 20 
ansfeld. 21, 23, 89 
' >|ang^e6e brgnze,” 59 
Klanganese, effect cit brass, 'u 
Massicot, 252, 287 
tfarsh fhst for arsenic, 300 
5Catt« (copper), production, 28 
as coUectoj for silver, 86 • 
ifercurous compounds, 175 ^ 

Mereuric compounds, 177 
nereiwy. alloys (amohanis), 173, 19? 
analytical, 182 • * 


< Mercury, as collector for gold, 114, 
n£fll8^119 • 

08 collector for silver, 87 
' compound*, 175, 191^* 

I fulminato, 180, 193 
metal, 171 
n^otallurgy, 180 
t-<Ti*estrial oecu#eneo, 184 
uses, 189 ^ 

Mota.eimiubarito, 185 , 

Metustanliie acid, 223 
Metastilmik', 318 
Mexico, 85, 88. 89, 141, 234 
Mieropliotographs, xii 
Mild process far wliiio Iwid, 284 
Milloii’s base, 182 
“ Minerals sejuiration ” ffotation 
plant, 25 
! Mispiekol, 303 

Montana, 19. 21, 23. 29. 31, 40, 141, 
155, 304 

Muffles, for zinc metallurgy, 148 
Mulliplc lioartb roaster, 31 
Muntz metal, 59 
corrosion, 08 

I ]>lali‘H in gol«l metallurgy, 115, 116 

Naples yellow, 322 
' N<'o-Kalvar.siin, 300 
NeHsK;r solution, 182 
N«‘W .ha-scy, 52, 141, 103, 240 
Nieeobto, 303 
' Nipissing, 88 

I Non-metallic projii'Hies, 209 

Oil-firod furnace for eojipor, 32 
“ Orange oxide," 288 
Organic eoinpoimds of arsenic, 30 
• 300 • 

of germanimn, 214 '* 

of lead, 258 
of tin, 228 
of zinc, 135 
■ Orfiiment, 3(»2 
Orthoebromatic plat-es, lOl 
: Overpolod copper, 35 

Paehuen, 85 

I'aildock (lre<lgoB, 110 * 

PanehroToatic pIati-», 102 
" Panning ” (for gold),'114 
Parke’s process, 268 
. Parting limits, 92 \ 

I of gold-silver alloys 90 
Putio process, 88 
I Pattinsotv’# process, 272 
{ Perak. 234 

; Period of induction,* 128 ^ ' 

Pormi'ability, selective (copper fer- , 
rocy: ri!do),*10 • 
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Peru, 85, 113 r 
Powtor, 245 

PhoniJhor bronze, 70 , , t,., , , 

Phosphore8<<bftoe rfjlphido), 13.1 

Fholograplfy, 96 
Filaments, antimony, 33Z 
load, 282 
mercury, 192 n 
theory of, 288 
zinc, 103, 104 * 

" Pink salt," 226, 244 
Placers, gold. 111, 112 
tin, 233 

.Planth accumulator plates, ./» 

Plastic bronzes, 72 
Plato, photographic, 98 
Plumbic comiaumds, 253 
I’liinihiarn, 286 

Plumbo-aolveucy (wabOTh -7.) 
Plumbous c■olnpourld8, 252 
Pnoumatolytic agency, 23. 

Poling, fi, 239 
Polybasitc, 85 

Powder of Algarotb, 31. , 

Printing papers (pliotographic), 

" Prolong," 149 
Propeller alloy, i>0 
Proustitc, 8.5, 303 ^ 

Pulo Urnni, 235, 239 

Pulverized eoul for eopper-s.neltmg, 

32 

Purple of Cassius. 103, 228 
Pyrargyrite, 85. 318 
Pvntic process. 29 

Pyriica, iron, association of copper 

With, 

nHsofiutiou of pold with, 111 
pyrit-t's, ropp<M*, IH 

Qmintum theory >n 
Quicking (bcforo Bilvor-pluting), 


[iand, 112, 119 
Kcalgar, 302 

Ro<l load, 265, 287 i *• \ 44 
Refinii^ of copper (olectrolytic), 44 
of copper (thermal), 3e 
of lead, 268 , 

' of tin, 239 ^ 

cells” (copper refin¬ 
ing), 46 . ,, 

Kcgenorativc Mrnaccs for zinc smelt- 

ing. 1^8 , 

- Reiiisch tot for arsenic, 31)1 
Betorts lor zinc smelting,-48 
Eeverberatorv furnace for copper, 31 
<6r lead,{!63 
^ for tin, 237 
Rheitish retorts, 148 


Ridge roasting furnace,. 146 
Rio Tinto, fl, 23, 42. 

Ripening (photograpnic epf^ion), 99 
Ivoastoc, multipm^jlicarth, for mapper 
oroa, 34- . ' 

for zinc ore8,'.]-45 
Salvarsan, 306 , , • 

Sands, 24, h',.- 

Schlippo's Balt, 314 - c 

Schjjop’s process for spraying rWitn 
zinc, 16 l 

Scotch hearth, 262 

Scott furiiaco (mcrcury)„187 

Screens, 24 ' 

Season cracking of brass, 6. , 

analogous change m load, 251, 2(3 
Selective flotation (lead and zinc), 144 
permeability, 10 
Semi permeable membrane, 10 
Senes sysb.m (copper rejvning), 49 
Soton Carew, 145 
Shorardiziilg, 161 
Shot, lead, 276 
Silesian miiflies (zme), 148 
lead process, 261 

Sd,ci(luoriH.« (lluoslhcato m elec- 
IroileposllloTl, ~l* 

Sdk, weigUting, 24 ‘ 

Sliver, alloys, 95 
ainalgun, 174, 191 

amdvtical, 82 

as by-i'roduct from copper, 44, 43, 
86 , 89 

colloidal, 78, 90 
compounds, 79 
extraction from lead, 268 
glance, 84 
m photography, 96 
metals, 75 
metallurgy, 86 
native, 84, 85 
parting (from gold), 91 
plating, 93 

terrestrial occurrence, 84 
Silvering of glass, 95 
Sizing (copper ores), 23 
Slimes, 24, 119 
anode, 49 

Sliiiees (gold metallurgy), 114 
Smaltite, .303 
Smlthsoiy.te. 140 

Solder, fommon,''746 

containing cadmium, 170 
Spangles ” cn galvanized ifbn, 161 
Speculum metal, 70 
Sphalerite, 139, 140 . 

Spittmg of silver, 76, 90 
Spra^ng process, 162 
Stamp battery, 118 
I fttannates. ^25 
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Stftnnic acids^ 222 * 

* oompouiida, 222 
Stannite ^n^nerS^), ^4 
Staijkitos (^Its), 

Stannous compounds, 22(* 

Statuary bronze, 72 • 

Stibine.^LS « 

•^tibmte, 3* " 

S^l^to, 141 
Strc!un-tin, 233 
Sublimed white lead, 2^ 

Sulphation of acmimulators, 

Sulphur dic^do, lu copper elc(;tro 
lysisf 41 

^ in zinc flotation, 144 

frotii roasters, utilizat ion. 14d 
Sulphur, ott'eet on eopjier, 53, 55 

artar einelic, 312 
'oiiorite, 20^ • 

’etrahcMlnto, 19 
’halhiun, nnalyticjil, 205 
compouudH, 202 ^ 

e.flraction from ores, 20tl 
metal, 201 

torrostiial oceurretiee, ^5 
uses, 2U8 • ^ 

In. aIlotroi>5l, 2 W • 
iMiys, 244^ 
analytieal, 228 
i'oinpounils, 222, 244 
metal, 2IS 
nietallurny, 234 
pll|^, 240 
j^Tites, 234 

TTOovory ironi scrap, 243 
refining, 239 
scruff, 241 

Ujtrestrial oecuiTcnee, 2.10 
usc%240 
Topaz, 231 
Tourmaliiu'f 231 
Trail, 155, 272 
TriboUnnines<;ciu‘o (zini; sulphidi'). 
135 

Triphyllite, 231 * 

Troliliatton, 151 
Tl^niinola, 24 
^ Touglr piteh,” il5 
Tw liming m brass arul hron/e, 57, 71 
T^ iljeta). 274 

UlOo, J77 

« 

Vacuum process for gold, lil 
Valvevaction, 310, 325 • 


Vanadiiuto, ^0 
Varmon 25, *5 
I Vermiaon^ 192 - 

Volatile conft'fltratioif^OT antimony, 
321 • 

of zinc, 144, 104 

Weighting of silk,^244 
Wethorill proeeasof magnetic separa- 
tion,_?30 ' 

of proiuicing zinc oxide, 10!1 
Wliito l(‘ad, 282 
^Vhlto metal (alloys), 270 
' White metal (copper matte), 30 • 

: Wilfley tahles, 25, 119, 143, 144, 235 
Willomif-<*, 141 
I WitwaU'rsrand, 112, 119 
I Wood’s metal. 170, 334 
j Wulfcmk', 1 11, 200 

I X-ray meiheal i'vammati<.)ii, use of 
' iiismuth m, 331 
I X nvy stiuly of i-ry.stal slructui'o of— 

I antimony, 30H 
I hisimit-h, 329 
co[>{)er, 3 
gcTtnannnn, 212 
mdiiiin, 199 
lead. 24S 
sdviT, 75 
silver oxide, 79 
tin, 218 

I in eoinpouudb, 22<) 

Zinc, alloys with copper, 08 
alloys with copper and tm, 71 
^ analytical, 130 

^ as precijiitant for itflver ami golth 
SK, 11!), ft>l • 

l.l.-iuli', 139, 140 
liionzes, 71 
r-ornpounds, 131, 103 
••oncciit.rufi<>n, 143 
cl)'e<-t of impurities, k54 
nict.al. 120 

metallurgy, dry, 145, U7,^.')t^ 
metallurgy, wet, 155 
oxide^ 131, 103, IO 4 
pigments, 163, t04 • 

terrestrial occurroiiee, i3b * 
uses, 158 
yellow, 1^4 
Zincates, 131 « 

iilncite, 141 

“ Ziucy kiwi " (pigment), 103, 28' 
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